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SUMMARY 
The highly air and moisture sensitive ligands, F2PO(C2H40)PF2 (n = 1-6) 
have been prepared and characterized by multi-nuclear n.m.r. spectroscopy. The 
3 1 p and 19 F n.m.r. spectra show triplet and doublet signals at 110 and -48 ppm 
respectively. The related difluorophosphite, PhOPF2, a volatile, colourless 
liquid was prepared from phenol and S(PF2)2. SP and SFwere found to be 110 
and -44 ppm respectively. 	PhOPF2 was also studied by Electron Diffraction 
giving bond lengths rPF = 1.585(7), rp-o = 1.589(17) 	and rC_O = 
1.385(12) and bond angles F-P-F = 98 ° (fixed), 0-P-F = 98.4(3) ° and C-O-P = 
128.4( 1.0) ° . 
Reaction of the above ligands with [MCP *C1212 (M = Rh,Ir,Cp* = eta-5C5Me5) 
in chloroform proceeds with cleavage of the halogen bridges to give co-ordinated 
difluorophosphite. Co-ordination compounds of the ligands F2P0(C2H40)PF2 (n = 
1-6) were found to be binuclear with bridging difluorophosphite and have the 
formulation [(RhCp *Cl 2 ) 2 F 2 P0(C 2 H 4 0)PF 2 ] based upon elemental analysis, 
infra-red and multi-nuclear n.m.r. spectroscopy. b P for these complexes was 
1181 ppm, 6F = - 39±2 ppm. The analogous iridium complexes 
[(IrCp*Cl2)2F2P0(C2H40).,PF2] (n = 2-6) were characterized, with the n.m.r. 
parameters iP = 82±1 ppm, bF = -42.6±0.3 ppm. The X-ray structure of 
[ RhCp C12(PhOPF2)] is included and allows comparison of the geometry of PhOPF2 
both free and co-ordinated. 	Bond lengths were found to be Rh-P = 2.220(4), 
Rh-Cl = 2.401(4), P-0 = 1.556(9), P-F = 1.559(9). 	Bond angles were 
F-P-F = 96.6(5) 0 , 0-P-F = 101.8(5) ° and C-0-P = 132.1(7) 0 . 
A similar reaction takes place, with the analogus ruthenium chloro-bridged 
species [Ru(p-cym)C12]2 	(p-cym=p=MeC6H4CH(Me)2) giving the product 
[Ru(p-cym)C12(PhOPF2)j. [Ru(bipy)2Cl2] and [Ru(porp)(CO)(EtOH)] 
(bipy-- 2,2'-bipyridine, porp = OEP,TPP) are shown not to react. 
The X-ray structure of trans- [Ru(bipy)2(PPh2Me)2](C104)2 is included. 
Rh(I) complexes [Rh(COD)Cl]2 and [Rh(CO)2C1]2 are found to undergo ligand 
exchange at room temperature but n.m.r. studies indicate that ligand 
co-ordinates at 203K. 
Reaction of the ligands F2PO(C21-I40)PF2 with platinum complexes also, 
affords binuclear bridged products which were studied by multi-nuclear n.m.r. 
spectroscopy. 	[Pt(PEt3)C12]2 reacts by chloro bridge cleavage to afford 
CPt(PEt3C12 2F 2 P'O(C2H49)P'F21 (n = 2-6). 31 P n.m.r. spectra show PEt3 and P'F2 
resonances with platinum satellites. 	Both cis- [Pt(PEt3)2X2](XC1,Br) and 
{NMe4] [PtC13(PEt3)] 	react 	by 	halide 	substitution 	to 	give 	trans 
[(Pt(PEt3)2X)2F2P'0(C2H40)nP'F2]2 
iii 
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Introduction 
This chapter outlines previous work that has been 
reported on the synthesis and coordination chemistry of 
difluorophosphites and difluorophosphines. 	A discussion 
of metal complexes of the related fluorophosphine, PF 3 , is 
also included. 
1.1 Synthetic Routes to Difluorophosphites (PF 2OR). 
The most common preparations of difluorophosphites involve 
one of three general methods: a) Fluorination of certain 
substrates e.g. dichiorophosphites; b) Exchange reactions of 
difluorophosphine halides; c) Reaction of pro -tic species 
with bis (dif luorophosphino) compounds of sulphur and selenium. 
a) 	Fluorination of Dichiorophosphites 
This was one of the first routes outlined to products of 
the form PF 2 -OR, giving a wide range of compounds. 	Due to 
the exothermicity of the reaction, preparation of thermally 
unstable difluorophosphites is not possible. 	Examples are 
shown in reactions (1) and (2) below. 
pjp SbF3 . NciF,KSO2F.AsF3 	PF 2 0R 	Ratkyt or aryl. 
e.g. n-BuOPCE2 	SbF3 	 - n-BuOPF2 + SbCt3 	 11 
	
C~Po—(O-)—OPCI SbF3 	F 2 PO—--OPF2 + SbCI.3 	(2)1 
2 
Exchange Reactions of Difluorophosphine Halide with 
Heavy Metal Salts 
Silver carboxylates and copper oxide have been used to 
give good yields of difluorophosphites which can be easily 
separated from the metal halide by-products. 	Examples are 
given in reactions (3) and (4). 
PF 2X + AgOCOR 	'PF2OCOR + AgX 	 (3)2 
2PF 2X + Cu 20 	 am FPOPF2 + 2CuX 	
(4)3 
Exchange Reactions of PF 2Br. 
(i) Exchange Reactions with Silyl and Germyl Compounds. 
PF2Br gives a mixture of oxygen-bonded and sulphur-bonded 
isomers when reacted with CH3CSOSiH3 to give a substituted 
monothioacetate in 4:1 ratio (O-P:S-P) at room temperature, as 




S 3 2 
CH C SiH CH 	 U  -4- 
/ S 




A similar process occurs on reaction of PF 2Br with 
CI1 3C(OSiMe 3 ) (NSiMe 3 ) to give CH 3C(OPF 2 ) (NPF 2 ) and 
CH3CO(N(PF 2 ) 2 ) at 173K and 273K respectively. 5 	Reaction 
of PF 2Br with silyl and germyl derivatives of group VI 
elements, of the form Y(MH 3 ) 2 (N = Si, Ge; Y = O,S) yields 
a mixture of products containing MH 3Br, NH 3YPF 2 and Y(PF 2 ) 2 . 6 
(ii) Exchange Reactions with Tributyltinoxide and Sulphide. 
2PF 2Br + Y(SnBu3 ) 2 	.Y(PF2 ) 2 + 2SnBu 3Br 	 (6) 
(Y=o, 7 s 8 ) 
Reaction of PF2Br with Y(SnBu 3 ) 2 affords bisdifluoro-
phosphino oxide and bisdifluorophosphine sulphide (Reaction 
(6)). 	Reaction takes place at room temperature giving good 
yields of gaseous product which have the advantage of being 
easily separatea from the high-boiling tributyltin liquid 
phase. 	The products a-re, however,- unstable at room tempera- 
ture, even at low pressure, for periods greater than a few 
hours. 
d) 	Reaction Between Difluorophosphine Halides and Protic 
Species 
RYH + PF2X 	Base 	PF2YR + Base HX 	 (7) 
(Y=0, 9 S' ° , X=F, 911 Br, 9 C1 10 , R=alkyl) 
Reaction of RYH with difluorophosphine halides has a 
major disadvantage in that it must be conducted in the presence 




of excess base, usually an amine, to remove the HX generated. - 
If the HX is not removed then the phosphorus-Y bond is 
readily cleaved in a reverse process. 12 The related nitrogen 
compounds, PF 2NHR, may also be made in this way. 13,14 
e) 	Reaction of Bis(difluOrophoSPhinO) Sulphide with Protic 
Species 
Reaction of bis(difluorophOSphiflO) sulphide with protic 
species gives an excellent route to difluorophosphites, and 
is exclusively the route used in this thesis. 	Some reactions 
of S(PF 2 ) 2 are given in Scheme I below. 
PO(OPF), R +HPF 
7 \RSH 
HPF2 O~ HPF2 S 




The beauty of this preparative route is that it proceeds 
in one step with only S(PF 2 ) 2 and the protic species required. 
The yields are good and reaction is completed rapidly at room 
temperature for phosphites, though more slowly for thio-
phosphites. 15 	The desired products are usually less 
volatile than the HPF 2S by-product or any unreacted S(PF 2 ) 2 
and can be separated by using fractionation techniques or 
simply pumping away the volatile components. 	Se(PF 2 ) 2 reacts 
similarly  but is more difficult to prepare than S(PF2)2 21 
due to the weaker phosphorus-selenium bond. 	O(PF 2 ) 2 does not 
react in this manner due to the stronger phosphorus-oxygen 
bond compared with the phosphorus-sulphur bond. 	Bell 
15  has 
suggested a four-centre intermediate during the process, 
analogous to that for the reaction of O(PF 2 ) 2 with HBr. 22 
These are shown in Scheme II. 
Br 
P7o FpIF 
F7 / 	F 
Scheme II 
PF 2 (SH) is not in fact observed spectroscopically but 
rapidly rearranges to S=PF 2H. 	The formation of the phosphorus- 
sulphur double bond may be a driving factor in the chemistry of 
S(PF2) 2 
S=PF 2 -S-PF 2 , 23 in which the P=S bond is already present 
reacts with protic species as shown in reaction (8) 
M. 
S 	 S 
if II 
F 2P-S-PF 2 + HX 	- F2PSI-I + PF 2X 	 (8) 
X=Cl,OH 
There are many examples quoted of routes to difluoro- 
phosphines with phosphorus directly bound to oxygen, 10,15-18,24 
15,18 	 16,24 	 25 sulphur, 	nitrogen 	and alkyl groups, 	however we 
are limiting our interest in this thesis to difluorophosphites. 
Some other examples of preparations of difluorophosphites 
which are less general and apply in some cases to only one com-
pound, are listed in the literature. 22-24 	- 
The n.m.r. parameters of some common difluorophosphines 
are listed in Table 1. 
7 
Table 1: N.m.r. Parameters of Some Common Difluorophosphines 
SP/ppm oF/ppm 1JPF/Hz Ref. 
PF 3 104 -32 1400 24 
PF 2 C1 176 -38 1390 24 
PF 2Br 218 -40 1388 24 
PF 2 I 242 -46 1340 24 
PF 2NMe 2 143 -65 1197 30 
PF 2NEt 2 144 -65 1197 30 
(PF 2 ) 2NMe 143 -65 1197 30 
(PF 2 ) 2NEt 144 -65 1194 30 
(PF2 ) 20 111 -37 1365 6 
(PF 2 ) 2 S 219 -64 1303 6 
(PF 2 ) 2Se 247 -66 1305 21 
(PF 2 ) 2Te 296 -73 1244 6 
PF 2OMe 110 -53 1278 24 
PF 2OEt 113 -50 1285 24 
PF 2 OPr 110 -44 1328 1 
PF 2SMe 237 -62 1261 10 
PF 2SEt 236. -69 1261 15 
PF 2Me 250 -93 1157 24 
PF 2Et 234 -104 1114 24 
HPF2 S 68 -44 1157 22 
1.2 Transition Metal Complexes of Difluorophosphines 
A search of the chemical literature gives very few 
examples of transition metal complexes of difluorophosphites. 
The ligands have been known for just under forty years and 
general syntheses have been known for twenty-five years, using 
antimony trifluoride and 0-Pd 2 containing substrates. 
Despite this, few research groups have taken up the challenge 
of fluorophosphine chemistry. 	One possible reason for this is 
that the ligands are not readily handled as reagents for 
transition metal work. 	They a-re toxic, malodorous, hydrolyse 
rapidly, oxidise in air and are very often volatile liquids. 
Preference has thus been given to the synthesis of alkyl and 
aryl phosphine and alkyl phosphite complexes of transition 
metals since they are commercially available and easier to 
handle. 	Catalytic interest in transition metal complexes of 
phosphines stems from the idea that as soft bases they should, 
and do, bind and stabilise soft acids e.g. Pt(II), Rh(I) 
according to the hard/soft theory proposed by Chatt and 
Davies. 31 	Consequently, alkyl phosphine complexation by 
metals is now a huge area in chemistry. The inorganic reagent 
PF 3 has also a wide and rich co-ordination chemistry. Much 
work has been carried out with PF 3 due to its similarity to 
carbon monoxide in being a strong it-acceptor ligand. 	Studies 
have led to complexes of PF 3 with all of the transition metals 
in the first three rows to the right of the vanadium triad. 
	
- 	PF3 displaces carbon monoxide from many metals; this was 
used as an early preparative route to PF 3 complexes. 32,33 It 
is assumed to be the three strongly electronegative fluorine 
- 	atoms which aid, by electron withdrawal, metal to phosphorus 
d7-dir donation into the 3d orbitals on phosphorus. 
Electron diffraction 34 ' 35 studies on Ni(PF 3 ) 4 showed the 
metal-phosphorus distance to be 30-40 pm shorter than the 
sum of the covalent radii of Ni and P, suggesting a high bond 
order between these atoms. 	This ties in with a rr-contri- 
bution to the metal-phosphorus bond. 	The classical metal 
phosphine bond scheme is appropriate here (Scheme III). 
P—> H obond 
(3M K 	 ico 
EDMK 
H- F 	nbond 
_ '9 
Q) 
Q~ 	6" 	 F 
6Y1 
Scheme III 
An added advantage that PF 3 has over alkyl phosphines 
is that both the phosphorus and fluorine have stable 100% 
spin 12 isotope nuclei. 	This gives more direct information 
from the n.m.r. spectra of the compounds. 	Since PF 3 can be 
regarded as the parent fluorophosphine, a survey of its 
10 
co-ordination chemistry with the platinum metals used in 
this thesis is included. 
1.3 Platinum Metal Complexes of Trifluorophosphine and 
Related Fluorophosphines 
Before 1951 the only metal-trifluorophosphine compound 
known was Wilkinson's Ni(PF3)4, 36  formed from Ni(PC1 3 ) 4 and 
either SbF 3 or PF 3 . 	Further attempts to synthesise Ni(PF 3 ) 4 
included the high pressure and temperature reaction of elemental 
nickel with PF 3 and nickel salts with PF 3 . 24 	Other routes 
such as displacement of organic compounds, carbon monoxide or 
Pd 3 were also attempted. 24 These syntheses applied mainly 
to the nickel triad but a more generally applicable method was 
developed using reduction of metal halides with PF3 and copper 
powder. 	Scheme IV summarises these reactions. 








M(PF3 ) CuX (X=C1,I, n= 4.5,6) 
M=Cr,Mo,W,Fe,Ru,Os,Ni,Pd, Pt 24' 38 
M= Co. Rh,Ir,Fe,Ru,Og 
X1,2 n=4 3 ' 3° 
Scheme IV 
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Complexes whose co-ordination spheres are totally 
filled with PF 3 ligands form as mononuclear or binuclear 
compounds depending on the transition metal triad. 
Scheme V37 shows that even atomic number metals form 
mononuclear species whereas odd atomic number metals form 
binuclear species, with a metal-metal bond, in order to 
satisfy the eighteen electron rule. 
Even Atomic No. - mononuclear 
Cr\ 	 Fe \ 	 Ni\ 
Mo) M(PF 3 ) 6 	RuJ M(PF3)5 	Pd,t M(PF3)4 
W 	 Os 	 Pt 
Odd Atomic No. - binuclear 




Nickel complexes of alkyldifluorophosphines of type 
Ni(L) 4 can also be made and are shown in reaction (9). 
12 
Ni + RflPF3_n 	
330K 	NiL4 	 (9)41 
L=PF 31 CF3 PF 2 , (CF 3 ) 2 PF, C1 3CO:P.F 2 
Me 2NPF 2 , C 5H 10NPF 2 
A more detailed look at the platinum metal complexes of 
PF 3 follows. 
1.3.1 Rhodium 
[Rh(PF 3 ) 4 ] 2 can be prepared by the metal halide route 
as mentioned previously 24  and shown in reaction (10). 
RhC1 3 .3H20 + PF3 	CuI 250atm on- ( PF3)4Rh-Rh(PF3)4 	(10)42 
It can also be prepared from existing rhodium trifluoro-
phosphine complexes as shown in reaction (11) 
[Rh(PF 3 ) 2C1] 2 
	PF3 IK [Rh (PF 3 ) 4 ] 	
[Rh(PF3 ) 2 Cl1 2 	(11) 
	
PF3 	 [Rh (PF 3 ) 4 C1] 	(12) 43 
Reaction (12) shows a rhodium trifluorophosphine halide. 
The related carbonyl, Rh(C0) 4C1, does not exist. 
The remaining reported PF 3 complexes of rhodium include 
cluster species such as Rh 4 (C0) 4 (PF 3 ) 8 , Rh4(PF3)12, 
13 
Co2Rh2(CO)8(PF3)4 44 , and acetylenic compounds (reactions 
(13) 	and (14)46). 
Rh 2 (PF 3 ) 8 + RC2R 	 ' Rh 2  (PF  3 ) 6 (RC  2  R) RED 
	
(13) 
RhHL(PPh3 ) 3 + RC2R 	 RhL (PPh 3  ) 2  (RC =CHR) 
	
(14) 
When R=But,  reaction (13) gives the yellow product, 
[Rh 2 (PF 3 ) 5 (R-ButCECBut )J, which-involves a bridging acetylene 
in a Rh 2C 2 tetrahedron. 	Further treatment of 
[Rh 2 (PF 3 ) 5 (ButCECBut )J with PF 3 , in hexane, yields 
[Rh 2 (PF 3 ) 6 (Bu tC 2But )] which is red. 47 	Rh(I) and Rh(III) 
chiorobridged dimers with terminal CO, PF 3 or diene ligands 
are dealt with in Chapter 3. 
1.3.2 Iridium 
It is not surprising that there is a significant amount 
of overlap between the fluorophosphine chemistry of iridium 
and rhodium. 	For many of the rhodium species there is an 
i 	 24,48-53 ridium analogue. 	 The diner [Ir(PF3 ) 4 .] 2 , however, 
cannot be synthesised from iridium trichloride and PF 3 in 
the presence of copper powder, but may be prepared by 
photolysis of [HIr(PF 3 ) 4 ] as shown in reaction (15). 
2HIr(pF3)4 	h 	 [Ir(PF 3 ) 4 ] 2 + H2 	 (15)48 
Two 17-electron fragments, namely Ir(PF 3 ) 4 , join 
giving the iridium-iridium bonded dimer, [(PF 3 ) 4 1r-Ir(PF 3 ) 4 ], 
with molecular hydrogen being evolved as the by-product. 
Alternatively, an Ir(I) metallate can be used as shown in 
reaction (16). 
PF 
K[Ir(PF 3 ) 4} + IrCl(PF 3 ) 4 	= [Ir(PF 3 ) 4 ] 2 	(16) 49 
Like the analogous rhodium species, the iridium phosphine 
complex [IrClL3 ] (L=PR3 , AsR3 ) reacts with carbon monoxide 
and PF 3 to give [IrCl(CO)L 2 ] and [IrCl(PF 3 )L2 ] 5° respectively, 
but interestingly [IrC1L 3 ] differs from [RhC1L 3 I in that 
[IrClL 3 ] does not react with ethylene or act as a hydrogena-
tion catalyst. 	[IrClL 3 ] also, dissociates bound phosphine 
less easily in solution. 
A well-known reaction 01 Ir(I) species is oxidative 
addition i.e. increasing both co-ordination number and 
oxidation state by two. 	An example is shown in reaction (17). 
IrXL2 + SiHR3 	 Ir(III)HX(SiR3)L2 	(17)51 
(L=PPh3 , X=Cl,Br) 
The five-co-ordinate species, [IrHX(SiR 3 )L 2 ], is stable 
towards the reverse process of reductive elimination, unlike 
the related rhodium complex, [RhHX(SiR3 )L 2 ]; [IrHX(SiR3 )L 2 ] 
reacts with 'ir-acceptor ligands L', (L'=PF 3 , CO) to give the 
six co-ordinate Ir(III) species, [IrHX(SiR3 )L 2L'J. 	L' adds 
to the complex in a position trans to the SiR 3 group. 
R1-i(III) five co-ordinate species, [RhHX(SiR 3 )L 2 1, are reduced 
15 
to Rh(I) species, [RhL' 3C1], by treatment with L'. 52 
The neutral, five-co-ordinate iridium species, 
[IrC1L 2 ], (L=o-C 6 H4 (PPh 2 ) (CH=CH 2 )) reacts with n-acceptor 
ligands, including PF 3 , as shown in reaction (18). 53 
AsBF 4 
[IrC1L 2 ] 	+ L' 	 [IrL'L2 ]BF4 	 (18) 
(L'=CO, py, PMePh 2 , PF 3 ) 
The product of reaction (18), [IrL'L 2 ], i.s a rare 
example of a five-co-ordinate, trigonalbypyramida& Ir(I) 
cationic species. 53 	Ir(I)diene and Ir(III)pentamethyl- 
cyclopentadienyl chioro-bridged dimers are discussed in 
Chapter 3. 
1.3.3 Ruthenium 
Ru(PF 3 ) 5 may be synthesised by three routes outlined 
in Scheme VI, each with ruthenium starting in adifferent 
oxidation state. 
(Ru(III)) RuC1 3 .3H 20 + PF 3 
	Cu 520K24 ' 37 
(Ru(0)) Ru3 (CO) 12 + PF3 
	430K 500p.s.i. 54 
	
Ru(PF 3 ) 
b) 	(Ru(II)) RuH(CH3.00O)PPh 3 ) 3 
	-ArOH55 
Scheme VI 
In the presence of hydrogen, pathway a) yields the 
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hydride-trifluorophosphine complex, [MH 2 (PF 3 ) 4 ] (M=Ru, Os) 
as first reported by Krfick. 39 	In aqueous solution, the 
complexes [MH 2 (PF 3 ) 4 J behave as weak acids and therefore 
react with potassium amalgam as shown in reaction (19) 
K(Hg) 
[MH 2 (PF 3 ) 4 1 + K(Hg) 	H+ K[MH(PF3) 	H+ 	' K2 [M(PF 3 ) 4 ] 	(19) 
Similarly K 2 [M(PF 3 ) 4 ] is prepared from M(PF 3 ) 5 as shown 
in reaction (20). 
M(PF 3 ) 5 + 2K(Hg) 	 K2 [M(PF 3 ) 4 ] + PF 3 	(20) 39 
Pathway (b) in Scheme VI proceeds via intermediates of 
the type: Ru(PF3)(CO)5_  (x=3,4,5) 54 which at higher pressure 
of the CO/PF 3 mixture give, Ru3 (PF 3 )(CO) 12_ clusters 
(y=0-6). 	Pathway (c), in Scheme VI, proceeds via reductive 
elimination of acetic acid from [RuH(CH3OCO)(PPh 3 ) 3 ]. 	A 
series of products RuL' 5 (L'=PF2NMe 2 PF 2NC4H 8 ), RuL' 4 PPh 3 
(L'=PF 3 ), RuL' 3 (PPh 3 ) 2 (L'=PF 3 ) can be prepared by reacting 
L' with [RuH(CO2Me) (PPh 3 ) 3 1 in different ratios. 55 	Alkyl 
phosphine hydrides of ruthenium also take up fluorophosphines 
as shown below in Scheme VII. 56 
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L1= PF, PFNMe2 
L2 = L3= PF3 
Scheme VII 
Higher pressures of PF 3 with [RuH2L(PPh3 ) 3 ] give 100% yield 
of [RuH2L 2 (PPh3 ) 2 ] while asymmetric substitution of L, i.e. 
L and L', is possible within the same molecule. 56 	The 
complexes [RuH2L(PPh 3 ) 3 ] (L=PF3 ) are fairly unstable, but the 
stability increases as the number of PF 3 groups on the metal 
increases. 	This phenomenon backs up the general observation 
that fluorophosphine complexes of platinum metals are more 
stable than their carbonyl analogues. 	The dihydrides 
[RuH 2L(PPh3 ) 4 ] (n=1,2) can be converted to the dichloride, 
[RUC12Ln(PPh3)4_n] by treatment with HC1 gas. 56,57 (Scheme 
VIII). 	RuC1 2 (PPh 3 ) 3 reacts with CO to yield [RuC1 2 (CO) 2 - 
(PPh3) 2' 56 	However, similar treatment of a benzene solution 
of RuC1 2 (PPh 3 ) 2 with PF3 gives decomposition products unless 
the reaction mixture is warmed from 77K; this reaction and 
other related reactions are summarised in Scheme VIII. 
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COLOURLESS 	cis- RuCljPF)2P2 
Scheme VIII 
The single crystal X-ray structures of cis-[RuC1 2 - 
(PF 3 ) 2 (PPh3 ) 2 ] and [RuC1 2 (PF 3 )(C 10H 16)IJ (C 10 H 16 =2,7- 
58 dimethylocta-2,6-diene-1,8-diyl) have been reported. 	This 
structural work followed previous synthesis and characterisa-
tion. 59 The X-ray results characterised, for the first 
time, a metal trifluorophosphine complex where the metal 
oxidation state was greater than +1. 	The structures, 













cis-[RuC1 2 (PF 3 ) 2 (PPh 3 ) 2 ], I, is a slightly distorted 
octahedron with metal-triphenyiphosphine distances of 
2.471 and 2.456A respectively, whereas the metal-trifluoro-
phosphine distances are 2.180 and 2.160A. 	The shorter 
M-PF 3 bond is consistent with a high degree of n-back bonding 
between M and P. 	(RuCl 2 (PF 3)(C 10H 16)L, II, is a trigonal 
bipyramid with axial chlorine atoms. 	The Ru-P distance 
is again short at 2.237A. 	Reaction (21), the preparations 
of I and II, indicate that diene and 'n-allyl ruthenium species 
react with Lewis bases. 	The resultant ruthenium trifluoro- 
phosphine complex, II, is formally Ru(IV); fluorophosphines 
generally stabilise low oxidation state. 5 
[Ru(C 10H 16 )C1 2 ] 2 + 2L 
	
2[Ru(IV)C1 2 (C 10H 16 )L] II 
i xs PF 3 
ii PPh 3 
	
[Ru(II)C1 2 (PF 3 ) 2 (PPh 3 ) 2 ] I 	(21) 
L=CO, PF 3 , PPh3 , Me 2NPF 2 , CF3PC12 
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Interestingly, products of the form [Ru(-C 4 H 6 )-
(PPh 3 )L 2 ] and [Ru( t'-C 6H8 )L 3 ] can also be synthesised, as 
shown below in reactions (22) and (23), where the 
ruthenium diene complexes are all formally in the Ru(0) 
oxidation state. 
[Ru(-C4H6)2PPh3] 	
2L 	[Ru(-C 4H6 ) (PPh 3 )L 2 ]+C 4H 6 	(22) 
[Ru(-C 6 H8 ) ( 6 -C 6 H 6 ) ] 	
3L 	(n 4 
	 (23) 
(C 4 H 6 =1 ,3-butadiene, C 6 H 8 =1 ,3-cyclohexadiene, L=PF 3 , PF 2NMe 2 , 
P(OMe)3) 60 
1.3.4 Osmium 
Up to 1978 only two Fe(II) halide complexes of PF 3 had 
been prepared, no ruthenium or osmium analogues were known. 
Since then more work has been reported on ruthenium but there 
is still very little published work on osmium-trifluoro-
phosphine complexes. 
Osmium carbonyl species however, were found to react 
with acetylenes as shown in figure i.61 
/O\ )4 + 
(CO)40s 	Os(CO)4 
2PhCECPh 





This osmium species, [Os  3 (CO) 8 (Ph 2C 2 ) 2 ], is not 
isostructural with the iron and ruthenium species, 
[M3 (CO) 8 (Ph 2C 2 ) 2 ]. 	A resonance at 5=-15.5 p.p.m. in the 
'H n.m.r. spectrum indicates a metal-hydrogen bond. 	The 
two acetylenic groups form an osmacyclopentadiere ring, as 
shown in figure 1, and one phenyl proton binds to an osmium 
centre. 	Further treatment of [Os 3 (CO) 8 (Ph 2C 2 ) 2 ] with PF 3 
yields [Os 3 (CO) 8 (Ph 2C 2 )PF 3 ]. 	As with its ruthenium 
analogues, [OsH 2 (PF 3 ) 2 (PPh 3 ) 2 1 reacts with an excess of HC1 
gas to give [OsCl2(PF3)2(PPh3)21.56'62 	Scheme IX indicates 
an alternative route and also the intermediate species 
involved. 
cis-OsH 1FF) (PP)2 	cis-OsH(CtRPF) (PPh) ------ cis-OsCLIPF) (PPh) 32 32 	 2 32 	32 2 32 






cis-OsCi (PF )(PPhMe) 	cis-OsCI (PF) (PPhMe 
2 3 	23 2 32 	22 
Scheme IX 
cis and trans configurations of [OsC1 2 (PF 3 ) 2 (PPhMe 2 ) 2 1 
are assigned from the splitting patterns and magnitudes of 
21(cis) coupling constants in the 31p{ 'HI, 19 F and 1 H 
n.m.r. spectra. 	cis/trans configurations refer to the two 
PF 3 groups, which form an [AX 3 ] 2  splitting pattern, and have 
2J(trans) and 2 J(cis) = 950Hz and 63Hz respectively. 
22 
1.3.5 Platinum 
Following Wilkinson's synthesis of Ni(PF 3 ) 41 36 the 
platinum complex, Pt(PF 3 ) 4 , was made in 1969, 
24,38  by a 
similar pathway, (Scheme X). 
Ft+PF3 HIGH T N 
PtC12 P 100- 300atm 	 F > 
- Pt(P 3 )4 
PtC12 P/Cu 500K/ 
SCHEME X 
The structure of Pt(PF 3 ) 4 was shown to be tetrahedral 
by 31 P and 19 F n.rn.r. spectroscopy; 38 This was then sub-
sequently confirmed by electron diffraction studies. 34,35 
The platinum-phosphorus and phosphorus-fluorine distances 
00 
were found to be 2.229A and 1.550A respectively, with the 
F-P-F and Pt-P-F bond angles of 98.9 ° and 118.00 respectively. 
This tetrahedral geometry is wholly compatible with a four-
co-ordinate, d 10 , Pt(0) species. 	Pt(PF 3 ) 4 is a volatile, 
colourless liquid. 	Earlier, Chatt and Williams had made 
crystalline samples of platinum-PF 3 complexes by using less 
forcing conditions, as shown in reaction (24) 63 
470K 	 A/PF3/MELT 
PtC1 2 + PF 3 	= cis-PtCl 2 (PF 3 ) 2 	 •Pt2Cl 4 (PF 3 ) 2 
(24) 
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The cis configuration was verified by dipole moment 
measurements for cis-PtC1 2 (PF 3 ) 2 . 	These complexes were 
compared with the related carbonyl species, PtC1 2 (C0) 2 and 
Pt 2Cl 4 (CO) 2 . 	Chatt had suggested, a year earlier, that 
"filled d-orbitals in a metal atom played a much more 
important part in general co-ordination than had hitherto 
been supposed". 64 	The ability of PF 3 and Co to act as 
rr-acceptors was being recognised for the first time. 
Pt(PF 3 ) 4 reacts with CO to afford Pt(CO) 4 via intermediates 
of the form Pt(PF3)4_x(CO)xi  in a similar way to the reactivity 
of Ru(PF 3 ) 5 . 	Reaction (25) illustrates the synthesis of 
mixed phosphine complexes. 
Pt(PF 3 ) 4 + nPR3 	Pt(PF 3 4-n 	3 n 	3 ) 	(PR ) + nPF 	(25) 
LPR3 , CO, 
R=Ph n=1,2 ROPh, n4. 24 ' 38 
Tetrahedral Pt(0) species, [PtL 4 ], have also been 
reported for the fluorophosphines CF3PF 2 and (CF 3 ) 2 PF. 
Reaction of PtC1 2 with CF3PF 2 and (CF 3 ) 2PF yields the products 
[Pt(CF 3PF 2 ) 4 ] and [Pt((CF 3 ) 2PF) 4 ] respectively at room 
temperature. 	These complexes have similar volatilities 
to the related nickel species, [14i(CF 3PF 2 ) 4 ] and 
[Ni((CF 3 ) 2PF) 4 ]. 65 ' 66 	Nixon and Sexton reported the 
synthesis of the platinum-halo difluorophosphine species 
cis-[PtX2 (RPF 2 ) 2 ] and cis-[PtX 2 (R2PF) 2 ] (X=Cl, Br, R=NEt 2 , 
NMe 2 , N(C 5H10 ) 2 ). 67 	These were the first fluorophosphine 
24 
complexes of Pt(II) reported. 
Complexes of the form Pt(PR3 ) 4 are usually unstable 
in solution and difficult to prepare with different 
phosphines on the same platinum centre. 68 The complexes 
[Pt(triphos)P'] (triphos=CH 3C(CH2 PPh 2 ) 3 , P'=PF 3 , PF 2NMe 2 ) 
however are dissociatively stable in solution allowing 
measurement of phosphorus-phosphorus coupling constants by 
n.m.r. spectroscopy. 	The 31 P n.m.r. spectrum shows a 
doublet with platinum satellites for the triphos region, 
and a quartet with satellites for the P' region. 	For 
P'=PF 3 and PF2NMe2, 1 1 	was found to be 9500Hz and 9150Hz 
respectively. 	The 	value was found to be approximately 
double that for Pt(II) complexes and larger than for cis- 
[PtCl 2 (PR3 ) 2 ]. 	It was concluded that the large value of 
was not due to the metal oxidation state of zero since 
for Pt(PF 3 ) 4 ,. 1 	 was found to be 6840Hz. 	The triphosPtP 
ligand is a tridentate species which upon co-ordination forces 
the P-Pt-P angle, of triphos P atoms, to be less than tetra- 
hedral. 	The value of this angle is 93 ° which results in 
less 's' character in the Pt-P(triphos) bond than in the 
Pt-P bond of Pt(PR3 ) 4 . 	As a result, the Pt-PF 3 bond has 
more ts character and hence 1 i is large. 68 
Complexes of the form, cis-[PtCl 2 (PR 3 ) 2 ] are well known. 
The PF 3 species [PtBr 2 (PF 3 ) 2 ] was first prepared by reaction 
of PF 3 with PtF4 .2BrF 3 , (Reaction (26)).69 
PF 
PtF 4 .2BrF 3 	 PtBr 2 (PF 3 ) 2 	 (26) 
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Related complexes can be made as indicated in 
reactions (27) 70 and (28). 71  
PF 3 
[PtC1 2 (PC1 3 ) 2 ] 	 - [PtCl 2 (PF 3 ) 2 1 	 (27) 
Treatment of [PtC1 2 (PY 3 ) 2 ] with PX3 (X,Y=F, Br, I) 
displaces PY 3 to give (PtC1 2 (PX3) 2 1. This indicates that 
metal-phosphorus bond energies are similar for the series 
PX3 , despite differing abilities to act as rr-acceptors. 
cis- [PtCl 2 (PEt3)2] 	PF3 = cis-[PtC1 2 (PEt 3 )PF 3 ] 	(28) 
The platinum-alkyl phosphine bond in cis-[PtC1 2 (PEt 3 )PF 3 ] 
is 0.131A longer than the platinum-trifluorophosphine bond. 
Two factors contribute to a shorter Pt-PF 3 bond, namely a 
higher degree of Tr-back bonding for the platinum-trifluoro-
phosphine bond compared to. the platinum-trialkylphosphine 
bond and, the stronger electronegative pull of the three 
fluorine atoms on the PF 3 lone pair orbital, causing a 
tightening effect. 71  
1.3.6 Palladium 
Very few palladium-trifluorophosphine complexes have 
been reported. 	The platinum compounds discussed in 1.3.5 
are more readily characterised than their palladium analogues, 
due to the presence of the 34% abundant spin=j isotope, 
195pj, which gives the n.m.r. spectra additional information 
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about the structure. 	The four-co-ordinate species 
Pd(PF 3 ) 4 does exist. 
24,37,38,72  The most common methods 
used for its synthesis are shown in Scheme XI. 
Pd 	
HIGH FT 
PdC[2L2 + 5PF 	 >Pd(FF3)4 
PdCl 2 + PF3/Cu HIGH RT -CuC 
SCHEME XI 
Other related species of the type {PdL 4 ] can be prepared 
via replacement of one or more PF 3 ligands by other n-acceptor 
ligands such as PPh 3 or CO as shown in reactions (29) and 
(30) 38 
Pd(PF 3 4 	3 	 3 4-n 	3 n ) 
+ PR Pd(PF ) 	(PR ) 	 (29) 
R=Ph, OPh 
Pd(PF ) - (PR 
CO 
3 4 n 	3 n 	 W . Pd(PF 3 ) 2C0 (PR 3 ) 	 (30) 
n=2 
The palladium compounds decompose at 253K whereas the related 
metal and platinum species are stable above 393K. 	Considering 
the lack of palladium-f luorophosphine complexes and also the 
lack of reported co-ordinated difluorophosphites, it is 
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somewhat surprising that the only other reported examples 
of palladium fluorophosphine species involve -the ligands 
PhOPF 2 and (PhO) 2PF, 73 both of which were used in this work. 
These complexes (reaction (31)), were originally made as 
examples of 	and [AXJ 2 1 2 n.m.r. spin systems. 	The 
ligand PF 2NMe 2 was not used since the presence of the "I N 
isotope was predicted to interfere with interpretation of 
the n.m.r. data. 	Reaction (31) shows the synthesis of the 
compounds. 
CH2C1 2 
PdX 2 + 2L 	 cis-PdX2L2 	 (31) 
X=Cl, Br, I,L=PhOPF2 , (PhO) 2PF 
F 2POC 6 H4O 
On cooling cis-[Pd1 2 (PF(OPh) 2 ) 2 ] in CH2C1 2 , the trans 
isomer, trans - [Pd1 2 (PF(Oph) 2 ) 2 ], may be detected by 19 F n.m.r. 
spectroscopy. 73  
1.3.7 Transition Metal Complexes of Difluorophosphites ROPF 2 
Although the metals discussed in this section are not 
from the platinum metal group, they deserve a mention since 
they belong to the small group who do form complexes to 
difluorophosphite ligands, ROPF 2 . 	Molybdenum and tungsten 
were the first metals to afford a series of complexes with 
the difluorophosphites described herein. 	PF3 complexes can 
be prepared by reaction of metal halide with PF 3 and copper 
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powder to give M(PF3 ) 6 (M=Mo, W) ,24,37,74  but, significantly, 
also by displacement of an organic ligand as shown in 
reaction (32). 75 
C 7H8M(CO) 3 + PF3 	 (PF3 ) 3M(CO) 
PF3 	h: 
C 7 H  8 = cycloheptatriene 
	
M(PF3) 6 	 (32) 
M = Cr, Mo, W) 
Schmutzler synthesised complexes of the form 
Mo(CO) 3L 3 from molybdenum carbonyl and phosphine, L, and 
found that for PF 3 , PF 2NMe 2 , PhOPF2 and n-PrOPF 2 , the 6P 
and SF chemical shifts increased while 1 JPFdecreased com- 
pared with the parameters for the free ligands. 76 A series 
of complexes of the form LMo(CO) 6_ (L=PF 3 , CF 3 PF2 , (CF 3 ) 2 PF, 
Pr. 2PF, n=3 and L=PF 3 , CF 3PF 2 , (CF 3 ) 2PF, Pr2PF, Et 2NPF 2 , 
n=2) were formed by displacement of organic alkenes from 
molybdenum as shown in reactions (33) and (34)•77 
Mo(CO)4nbd 	2L 	Mo(CO) 4 L 2 + nbd 	 (33) 
nbd = norbornadiene 
cis-Mo(CQ)3C7H8 	3L 	trans-Mo(CO) 3L 3 + C 7 H  8 	(34) 
IN 
Hence, it is possible to leave either two or three 
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sites free for fluorophosphine replacement. 	In order to 
substitute one position only, on Mo or W, N-methyl-
pyridinium metal pentacarbonyl iodide, [N -mpJ[M(CO) 5 1], was 
used. 78 The iodide was displacedby PF 3 and, subsequently, 
the structure of the product, [Mo(CO) 5 (PF 3.)], was verified by 
electron diffraction studies. 78. The starting materials, 
Mo(CO) 4nbd, [N-mp](Mo(CO) 5 1] and [N-mp][W(CO) 5 1] were used 
to form a series of products of bidentate oxo and thio 
difluorophosphite ligands in 1985, 15 these are outlined in 
Scheme XII. 
Mo(CO)nb d \/Mo(CO)4[PF2Y(CH2 )nYPF2 ] 
F2 FY(CH2)YFF2 
[M(Co)1r 	 \RCO)MFPY(CH)YPFM(CO)55 2 	2 	2 	51 
Y=O,S n=2-6 x=1-3 M=Mo,W 
Scheme XII 
Dimeric manganese carbonyl complexes of difluorophosphites 
can be prepared by taking the analogous PF 3 complex, 
and solvolysing in MeOH. 	Three species 
form, [Mn 2 (CO) 9 (PF(OMe) 2 )), [Mn(CO) 9 (PF 2OMe)] and 
(Mn 	which are difficult to separate, even by 
chromatographic techniques. 79 
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Iron pentacarbonyl, FeCO) 5 , reacts with PF 3 to afford 
compounds of the form, Fe(CO)(PF3)5_  with more than one 
isomer present. 	Alcoholic solvolysis causes replacement 
of F atoms byOMe groups and the formation of products of 
the form [Fe(CO)4(PF3_(OR).] (R=Me, Et, x = 1,2,3) with the 
only isomer produced having an axial fluorophosphite. 8° 
Tetrahedral Ni(0) species, analogous to Ni(PF 3 ) 4 , have 
been reported with difluorophosphite ligands. 
Ni(n-PrOPF 2 ) 4 , Ni(PhOPF 2 ) 4 , Ni(C6 H4 0 2PF 2 ) 4 , [Ni(PF 3 ) 3 (PF 2OEt)] 
[Ni (C 6 H 4 (OPF 2 ) 2 ]n, [Ni(F 2POC 2H4 OPF2 ) 2 ]n and 
[Ni(CO) 2 (C6 H4 (OPF 2 ) 2 )}n. 	The two routes to these compounds 
are shown below. 
Ni(CO) 4 + 4PhOPF 2 	 Ni(PhOPF 2 ) 4 
Ni(PhOPC1 2 ) 4 + 8KSO 2F 	aw Ni(P1-iOPF 2 ) 4 + 8s0 2 + 4KC1 
1.3.8 N.m.r. Spectra of Difluorophosphines 
Phosphorus and fluorine each have one stable isotope, 
31 P and 19 F, in 100% abundance, with nuclear spin quantum 
number, I=. Hence, the -PF 2 moiety is a good handle for 
n.m.r. spectroscopic study. Chemical shifts of phosphines 
in different oxidation states can be used to determine the 
co-ordination at phosphorus. PF 3 has the highest value of 
PF' 1400Hz, and also the lowest value of 6 P , 97 ppm, of 
the trivalent fluorophosphines. 	Variation in the value of 
and 	aid assignment of the other substituents on the 
31 
-PF 2 or -PF moiety. 	Upon co-ordination, 1PF' tS and 
usually change. 	Normally 1PF  will decrease as the relative 
amount of 's' character at phosphorus drops and 5 may vary 
in either direction. 	Use of metals such as rhodium and 
platinum gives further structural information since 103  Rh 
is 100% abundant and has spin-., and platinum offers 
satellite splitting patterns due to the 195 Pt isotope which 
is 34% abundant. 
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OUADMVD 1) 
Preparation of Bidentate Fluorophosphine Ligands F 2PO(C 2H4O)-
and Structure of PhOPF 2 
Introduction 
Many compounds of the form PF 2OR (R=alkyl, aryl) have 
been reported. 1,7,8,11,19,20,24,81,82 	Few examples, however, 
have been reported of the synthesis of bidentate difluoro-
phosphine ligands. 	The first attempts involved the amino- 
fluorophosphines, '(PF 2 ) 2NR, 24 ' 83 which were found to react 
with molybdenum and tungsten cycloheptatriene substitutes, 
M(CO) 4C7H8 . 	The product, Mo(CO) 4EtN(PF 2 ) 2 , forms with cis 
-PF 2 groups since the P-N-P angle restricts the co-ordinating 
ability of EtN(PF 2 ) 2 . 	Following this, the first bidentate 
difluorophosphine with a carbon backbone between the 
phosphorus atoms was made, C 6 H 10 (PF 2 ) 2 . 	This ligand reacted 
with metal carbonyl species.. 	(Reactions (35), (36), (37) 
and (38)) 84-86  
Mo(CO) 4nbd + C6H10(PF2)2 	- Mo(CO) 4 (C 6H 10 (PF 2 ) 2 ) 	(35) 
Mo(CH 3C6 H5 ) 3 + 3C6H 10 (PF 2 ) 2 	M0 6H 10 ' 2 ) 2 ) 3 	(36) 
Fe(CO) 5 + C6 H 10 (PF 2 ) 2 	- Fe(CO) 3 (C 6 H 10 (PF 2 ) 2 ) 2 
Fe (CO) (C 6 H 10 (PF 2 ) 2 ) 2 	(37) 
Mn(CO) 5Br + C6H10(PF2)2 	- Mn(CO) 3Br(C 6 H 10 (pF 2 ) 2 ) 
Mn(CO)Br(C 6H 10 (PF 2 ) 2 ) 	(38) 
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Once again the co-ordinating possibilities of ligand 
were limited, although in theory C 6 H 10 (PF 2 ) 2 could bridge 
between metal-metal bonds (Figure 2). 
Figure 2 
The first bidentate difluorophosphite ligands reported 
were F 2POCH 2CH 2OPF 2 and p-C 6H 4 (OPF 2 ) 2 , prepared by antimony 
trifluoride fluorination of the corresponding dichioro-
phosphites. 	These were reacted with Ni (CO) 4 and Ni(CO) 2 - 
(PPh 3 ) 2 displacing two equivalents of CO in each case. 
(Reaction (39)). 1. 
NiL 2 (CO) 2 + F 2PO-G-OPF 2 	[NiL2 (F 2POGOPF 2 )]n 	(39) 
L=CO, PPh 3 
G=-CH 2CH 2 -, p-C 6 H 4 
ono 
The rigidity of the para-phenylv derivative does not 
allow chelating to one metal centre and thus promotes bridging 
between two metal ions. 	Complete series of aliphatic and 
aromatic bidentate ligands F 2  PY(CH  2  ) n  YPF  2  (Y=O,S n=2-6) and o,rn,p 
substituted C6H 4 (OPF 2 ) 2 respectively, have been recently 
synthesised using S(PF 2 ) 2 and the corresponding alcohols 
15 and thiols. 	Previously, Schmutzler separately prepared 
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the compounds, F 2POCH2CH2OPF 2 and 	 0,PF 	from 
the corresponding dichiorophosphites and antimony 
trifluoride. 	It has since been claimed that 1,2-bis- 
difluorophosphites eliminate PF 3 , at room temperature to 




+ PF 	(40) 
CH2 
Y = O ' S 
No such reaction took place following the synthesis of 
F 2POCH2CH 2OPF2 in this work. 	The series of ligands 
F 2PY(CH2 )YPF2 (n=2-6, Y=O,S) were prepared at Edinburgh, 
to study the effect that altering the distance between the 
two phosphorus atoms, in the ligand, had on the chemistry of 
the ligand. 	For molybdenum carbonyl substrates, it was 
found that for low n (2,3), chelation was favoured, and for 
high n (4-6), bridging was favoured although the concentra-
tions of ligand and substrate had an influence on the final 
product. 
We decided to synthesise ligands where the intervening 
chain was also the possible site of chemical activity. Hence, 
we prepared bidentate polyether phosphines of the form 
F2PO(C 2H4O)PF21 in which the oxygen atoms can potentially. 
bind to hard acids such as Na or K. FlCCLeverty et al. 
have synthesised cyclic molybdenum complexes of polyethers 
where the metal may be a part of the overall ring. 87 The 
complexes thus have a redox-active metal centre and a host 
site at which a guest ion or molecule may bind. 	Binding 
_) _, 
of Na,K or Li to the oxygen atoms is found to shift 
the reduction potential of the Mo or W centre by up to 
320mV.87,87a Examples of this type of compound are given 
in figure 3. 
0 	Mo(N0)L 








Most other transition-metal complexes incorporating 
crown ether sites do not have the metal within the ether 
ring system and many involve Schiff base complexes. 	One 
example is the bis (crown ether) Schiff base ligand made by 
Beer, 88  (figure 4) which can co-ordinate Na+  or  K+. 	Co- 
ordination of Ag+ 	
2+ 
or Cu to the dithia-Schiff base site 
lends some rigidity to the ligand allowing control of. the 
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Figure 4 
The structure of the nickel-Schiff base/crown ether 
complex shown in figure 5 has been verified by X-ray 
crystallography and shows co-ordination of a Ba 2 ion to the 
89 polyether oxygen atoms.  
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Although no mention of attempts to bind alkali metal 
ions in the ether site is made, the chromium species shown 
in figure 6 has been made from dibenzo-18-crown6 and 
[Cr(CO)3(fl6-OC6H4C12)]. 	The reaction was undertaken using 
90 
phase transfer catalysis yielding the ¶-arene product. 
0 	 0 
(CO)3 Cr 	LcJ 	Cr(CO)3 
- 	
Figure 6 
Mixed oxo and thio ethers have been prepared 
91 and 
co-ordinated to transition metals. 	Two good examples are 
ruthenium and rhodium complexes of 1,4-dithia7,10,13 
trioxocyclopentadecane. 	In both cases (figure 7), the 
softer sulphur atoms co-ordinate to a metal it-bound ring 
complex, with the metals not forming a part of the cyclic 
system. 92 The structures shown in figure 7 were verified 
by X-ray crystallography. 93,94 
I 
/J\ cic,° * s 
o 
-Rh 	 0> 
\'_~ S 
Figure 7 
Other examples of transition metal complexes with a 
second host site exist, 
95-97 where co-ordination of guest 
ion is bound a mixture of oxygen, nitrogen and sulphur donors. 
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2.1 	Preparation of Bidentate Ligands F PO(C H 0) PF 2 	2-4—n-2 
(n1-6) 
2.1.1 Results and Discussion 
The bidentate fluorophosphine ligands, F 2PO(CH 2CH 2O)-
PF 2 , (n=1-6) were prepared by reaction of the appropriate diol, 
HO(CH2CH 2O)H I with two equivalents of S(PF 2 ) 2 in anhydrous 
conditions as shown in reaction (41). 
H0(CH 2 2 n CH 0) H(.Q) +. 	2 2 S(PF 2 (g) 
	 2 2 n 2 - F 2P0(CH CH 0) PF (94 
+ 2HPF 2 S(g) 	 (41) 
n = 1-6 
The poly-ethylene glycols themselves have boiling-points 
ranging from 199 °C to 408 ° C for ethylene glycol and hexa-
ethylene glycol respectively, and although the products of 
reaction (41) above are more volatile than the glycols, due 
to the loss of hydrogen bonding, they are nevertheless 
involatile relative to HPF 2S and S(PF 2 ) 2 . 	Evolution of 
HPF 2S is visible during the reaction which goes in effectively 
100% yield. 	Standard fractionation techniques facilitate 
separation of the product from HPF 2S and CHC1 3 . 	Reaction 
takes place too rapidly for the intermediates, H0(CH 2CH2O)PF21 
to be observed, although this is possible for dithiols) 5 
The reactions of equimolar quantities of S(PF 2 ) 2 and diol 
were not studied. 
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2.1.2 N.m.r. Spectra of Ligands F2PO(CH2CH2O)nPF2 
The products of reaction (41) were studied by multi-
nuclear n.m.r. spectroscopy. 	31 P, 19 F, 1 H and 13 C 
spectroscopy. 	Initially, sealed tube reactions of the 
diols and S(PF 2 ) 2 were studied to confirm formation of the 
desired products. 	The 31 P n.m.r. spectra showed a triplet 
at 6P=68 p..p.m. due to HPF 2S while the 19 F{ 1 H} spectra 
confirmed the presence of HPF 2S via a doublet at -44 p.p.m. 
Stock samples of approximately lrninol were then made and 
purified for each ligand and CDC1 3 solutions were made up 
under dry nitrogen and the spectra re-run. 	The spectra 
now gave an indication of purity. 	In each case the 31 P 
and 19 F spectra were observed to be first order.. 	2nd order 
spectra resulted for compounds with two -PF 2 in close 
proximity e.g. (F2P)S(PF 2 ) due to magnetic non-equivalence 
of F atoms. 	With little variation over the series 
F2PO(CH2CH2O)PF 2 (n=1-6) the phosphorus and fluorine chemical 
shifts were found to be 110 and -48 p.p.m respectively, 
whilst 	PF was 1294Hz. 	31 P{ 1 H} and ' 9 F{'H} spectra of.the 
products showed triplets and doublets respectively. 	Resto- 
ration of proton coupling in the 31 P spectra gave triplets 
of triplets (3j PH due to a three bond coupling to 
protons on the terminal -CH 2 group of the polyether. Four 
bond fluorine-hydrogen couplings were never resolved. 
Couplings are often found to be low when transmitted across 
oxygen. 60 Typical spectra are shown in figures 8, 9 and 
10, and n.m.r. parameters are listed in Table 2. 	The 1 H 
n.m.r... spectra of these ligands were also recorded. 	For 
fq-,j %4..,n ..-.  Spectrum of Ligands FPO (C-LO) 
Figur 
"P N.m.f. Spectrum of LigartdS FPO(CJLC),PF,. 
Figure -9 
OF (41) N.m.r. Spectrum of Ligands FPO(C,H.0)J'F. 
Figure 10 
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Table 2: N.m.r. Parameters for Ligands F2PO(C 2H 4O)PF2 
ri 1 2 3 4 5 6 
6P/p.p.m. 112 113 113 113 115 115 
cSF/p.p.m. -49 -49 -49 -48 -48 -48 
SHa/p.p.m. 4.22 4.23 4.19 4.16 4.14 4.13 
ii PF /Hz 1297 1294 1294 1294 1295 1295 
3JPH/Hz 5.9 6.8 6.8 7.3 7.8 7.9 
1.9 N.R. N.R. N.R. N.R. N.R. 
N.R. 	Not resolved 
Spectra recorded. as CDC1 3 solutions at room temperature 
4 
any ethylene polyether with n ethylene units between the 
oxygen atoms, there are n distinct CH  chemical environ-
ments. 	Although there are 2n CH  units, the mirror plane of 
symmetry, of the molecular, halves this number as shown in 
figure 11. 
F / 0000 
N 
Figure 11 
Anbther factor to be considered when dealing with the 
'H n.m.r. spectra of this type of compound is the magnetic 
inequivalence of CH  protons. These are depicted diagram-
matically in figure 12. 
/ 
Figure 12 
Although protons H 1 and H 2 are chemically equivalent, 
they are magnetically non-equivalent since J H  differs 14 
from J H H 	The resultant splitting pattern is second order 24 
and takes the form of a triplet within a doublet, as often 
found for an 	spin system. 98,99 	Figure 13 shows the 
'H and 'H{ 31 P} n.m.r. spectra of of F 2PO(CH 2CH 2O) 4 PF 2 as 
an example. 	Usually, there is some degree of overlap of 
the 	spin patterns for CH  units. 	The typical pattern 
It It 
'H and 	'H {'P} N.m.r. Spectra of F 2PO(C 2H 40)PF 2 . 
at 30 f"tH'z 
Figure 13 
3.8 	 3.6 
PPM 
4.4 	 4.2 	 4.8 	 3.8 	 3.6 
PPM 
consists of a doublet, due to coupling to 31 P, of 
patterns, for the terminal CH  moiety, nearest to the 
phosphorus, at 4.2 p.p.in. 	As the length of the chain 
increases the CH  environments in the middle of the chain 
tend to become more chemically alike and the degree of over-
lap of [AB} 2 patterns at 3.6 p.p.m. increases accordingly. 
Detailed 1H n.m.r. spectra were recorded since it was thought 
that 'H n.m.r. spectroscopy would be the best method for 
monitoring the co-ordination of metal ions to the polyether 
oxygen atoms, by virtue of changes in the chemical shifts of 
the ethylene protons. 	13 C Spectra will be discussed in 
Appendix I. 
2.2 	Preparation and Structure of the Ligand C 6 H 5OPF 2 
2.2.1 Preparation of C6H5OPF 2 
The preparation of difluorophosphites using bis(di-
fluorophosphino)sulphide, S(PF2 ) 2 , can be equally applied 
to aryl species as alkyl species. 	Phenol, being even more 
acidic than alkyl alcohols, reacts readily with S(PF 2 ) 2 to 
yield the corresponding ligand PhOPF 2 (Reaction (42)). 
DRY CH2C1 2 
	
PhOH(s) + S(PF 2 ) 2 (g) 'PhOPF 2 (9.)+HPF 2 S(g) 	(42) 
298K 
On warming from 77K, evolution of gas is visible and on 
completion of reaction, at room temperature, a clear viscous 
liquid of low volatility ( 1 2mmHg pressure) results. 	Purifica- 
tion is carried out by fractionation through a -78 °C slush 
bath, to separate HPF2 S and CH2C1 2 from the product, PhOPF 2 . 
PhOPF 2 was found to be stable at room temperature for several 
hours and it was also noticed that no evolution of PF 3 nor 
decomposition of the ligand took place at 323K. 	A slight 
excess of S(PF 2 ) 2 was used in the reaction, in case traces 
of water were present. 	The reaction proceeded in effectively 
100% yield and the highly moisture-sensitive product was 
stored in traps surrounded by liquid nitrogen until needed. 
2.2.2 Structure of C6H5OPF 2 
Due to the toxic, malodorous and volatile nature of 
PhOPF 2 elemental analyses were not undertaken, but the structure 
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was verified using a number of techniques. 
(i) Infra-red Spectroscopy 
PhOPF2 was characterised by gaseous infra-red spectro-
scopy. 	The spectrum is shown in figure 14 and the I.R. 
data are listed in Table 3 below. 
Table 3: I.R. Frequencies of PhOPF 2 






1162 m sh 
1020 w 6 poc asym 
941 	s 6 COPsym ' p-a 
860 S V 	 syin 
818 	s V PF asym 
764 m 6 	 out of plane deformation 
686 m SC-H 
578 W 6 OPF 
500 W 6 FPF sym 
450 W 'FPF asym 
s = strong, m = medium, w - weak, sh - shoulder 
The particularly noticeable features of this I.R.. 
spectrum are two of the characteristic C-C stretches of the 
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Figure 14 
phenyl ring. 	In total there should be six - the two 
at 1489 cm- 1  and 1597 cm- 
1  are particularly clear. The 
P-F stretching region between 800 cm- 1  and 900 cm- 1  shows 
both the expected strong bonds. 
N.m.r. Spectroscopy 
The compound PhOPF 2 was characterised by multinuclear 
n.m.r. spectroscopy. 	The 31 P and 19 F n.m.r. spectra are 
first order and indicate that no phosphorus-containing 
impurities are present. 	The triplet splitting in the 31 P 
spectrum and doublet splitting in the 19 F spectrum are 
identical. 
N.m.r. Parameters of PhOPF 2 
6P=110 p.p.m., 6F=-44 p.p.m., 'JPF=1328. 
The 31 P and ' 9 F spectra are shown in figures 15 and 16. 
Electron Diffraction 
Since PhOPF2 was of high enough volatility and its 
structure not yet determined by electron diffraction the 
structure was determined. 	It was hoped that the result 
would yield information on the configuration of the -OPF 2 
group with respect to the phenyl ring. A comparison with 
the geometry at the -OPF 2 group in a transition metal 
complex of PhOPF2 could then be made from X-ray crystallo-
graphy. 
Introduction to Electron Diffraction 
The Cornell/Edinburgh electron diffraction apparatus 
Fl 
-40 	 ppm 	 -50 
3'P 'H) N.rn.r. Spectrum of PhOPF Z . 
F 
200 	 150 	ppm 	 100 	
50 
c('H} N . m . r . Spectrum of PhOPF. 
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was used in this experiment. 00 The apparatus consists 
of an electron beam interacting with the gaseous sample 
in an evacuated chamber. The electron source comprises 
of a hot tungsten filament as the cathode from which the 
emitted electrons are accelerated through a circular anode 
by 40-50KV. 	Electromagnetic lenses are used to focus the 
beam. 	The beam passes close to the tip of a nozzle which 
is at right angles to it and out of which the sample jet is 
directed. 	At the interaction point the molecules diffract 
the electron beam and the intensity of the resultant 
scattered beam is recorded as a pattern on Kodak Electron 
Image. plates. 	Throughout the experiment the apparatus is 
maintained at high vacuum by oil diffusion and rotary back- 
up pumps and a cold trap. 	The increase in pressure as the 
sample is flowing in allows determination of the flow rate. 
The sample is collected by means of a cold plate. 	The 
apparatus is shown diagrammatically in figure 17. 
Pump 
1 	Cold trap 
	
- - - 	
- 	
lenses 
----- 	 / 	L 
/ Jj 	
Electron gun 









The scattering shows up as concentric rings, due to 
constructive and de.structive interference, on the developed 
plate. 	The scattering at higher angle, from the beam, is 
given a bias by means of a rotating heart-shaped sector. 
The scattering consists of atomic, molecular, inelastic and 
extraneous scattering. 	The atomic scattering can be calcul- 
ated from atomic scattering factors, whilst the inelastic and 
extraneous can also be approximated. 	The inelastic scattering, 
due to change in momentum of the molecule on electronic 
excitation by the beam, is very small. 	The extraneous 
scattering is due to multiple collisions and reflections from 
the apparatus walls. 	These are removed to leave the mole- 
cular scattering, on which the structure depends, in the form 
of a molecular scattering curve. 	Electron intensities can be 
obtained from the plates using the Joyce Loebi MDM6 micro- 
densitometer at the SERC Daresbury Laboratory. 101 	This 
method allows scanning round each ring, giving an average value, - 
or can leave out sections where the plate is flawed. 	Values 
of electron intensity are collected at integral values of is 
until the whole plate is scanned (s=4irsin (0/2)/A where 0= 
scattering angle, X=wavelength of the beam). 	The molecular 
scattering intensity curves are then converted into radial 
distribution curves by Fourier Transformation. 	The radial 
distribution curve takes the form of gaussian shaped peaks 
at various mean distances 	the distance between atom i 
and atom j. The width of each peak is proportional to 
the root mean square of the amplitude of vibration for that 
pair of atoms. 	The area is proportional to, 
ri. .Z.Z./r. 
;LJ 1 J 	1J 
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where n is the multiplicity of the distance betweenij 
atoms i and j and Z. and Z are the atomic numbers of 
1 	
j 
atoms i and j respectively. 	During each experiment, two 
plates are taken for benzene, at both nozzle to plate 
distances, immediately before the sample plates are run. 
Analysis of these plates yields the wavelength of the 
electron beam and the nozzle to plate distance. 	The shorter 
distance gives more information about the low angle part 
of the scattering curve but the longer distance gives a 
wider range of data. 	A mathematical model, of the expected 
structure, is constructed and using initial parameters for 
bond lengths, angles and amplitudes of vibration, gained by 
comparison with previous structures, a refinement process is 
carried out. 	Using this model, atomic co-ordinates are 
generated for the molecule and a theoretical molecular intensity 
curve is generated. 	The structure is then. refined by the 
103 least squares method. 102, 	An R factor is generated, after 
each run of the program, which expresses the accuracy of the 
'fit' between experimental and theoretical curves. 	One 
obvious limitation therefore, is that an idea of the 
structure must be known in advance. The sample must have 
a vapour pressure greater than 2rnmHg. 	Often peaks 5-10 pm 
apart overlap and one parameter has to be fixed. A more 
104 detailed account may be found in Davis book. 
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Structure Determination 
Table 4: weighting Function, Correlation Parameters, 
Scale Factors and Wavelengths of PhOPF 2 
Camera Height/mm AS 	Smin 	S 	S 	S 2 2 max 
-1 nm 
128.25 	 0.4 	6.0 	8.0 	30.0 	35.2 
285.99 	 0.2 	2.0 	4.0 	12.2 	14.4 







By comparison with other structures of difluorophos-
phines the values listed in Table 5 were used as initial 
parameters. Values determined for some common difluoro-
phosphines are listed in Table 6. The atomic numbering 
scheme is given in figure 18. 
13 	 1 
12 	10 
15 14 0 5 	 X 5-  
9 8 
	6 
 7 F, 	F2 
Figure 18 
5• 5 
Table 5: Initial Refinement Parameters 
r(P-F)/A 1.57 F-P-F 96.00 
r(P-O)/A 1.64 0-P-F 99.0 0 
r(C-0)/A 1.46 C-0-P 122.0 0 
0 
r(C-C)mean/A 1.40 c-c-c 120.0 0 
r(c(5)/c(6)-mean)/A 0 c-c-H 120.0 0 
r(c(6)/c(8)-c(8)/c(14)A 0 P-0Twist 0.00 
0 
r(C-H)/A 1.07 c-oTwist 0.00 




r(P-Y)/A F-P-F/ ° rF-P-Y/° C-Y-P/ ° Ref. 
(PF 2 ) 2b 1.570 1.597 99.2 98.6 - 105 
PF 2OMe 1.591 1.560 94.8 102.2 123.7 106 
para-C6H4 (OPF 2 ) 2 1.577 1.598 96.0 97.8 125.4 15 
(PF 2 ) 2 S 1.572 2.132 97.4 100.2 91.3 107 
PF 2SMe 1.589 2.085 95.6 101.2 102.0 107 
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The structure of PhOPF 2 was described by a model 
which assumed local CV symmetry for the -OPF 2 moiety and 
C 2 , symmetry for the substituted phenyl ring. 	Seven bond 
lengths, seven valence angles and two torsional angles were 
used to define the geometry. 	The x-axis was defined to 
lie along the C-a bond and the y-axis so that the phenyl ring 
lay in the x-y plane. 	The C-a twist was defined as zero 
when the 0-P bond lay in the x-y plane, and the P-0 twist 
was defined as zero when the x-y plane bisected the F-P-F 
angle. 	The C-C-C angles were set at 1200,  the planarity 
of the phenyl ring' is implied by the C 21 symmetry. 	The 
C-C distances were refined as an average, for the phenyl ring, 
with small differences in length refined as the parameters 
r(C(5)/C(6)-mean) and r(C(6)/C(8)-C(8)/C(14) where C(m)/C(n) 
is the C-C distance between carbon atoms m and n in figure 18 
and 'mean' is the refined average C-C distance. 
Determination of Twist Angles 
Using the computer process, ED87, R factor loops were 
used to find the optimum values at which to set the twist 
angles. 	A given twist angle, e.g. P-O, was varied over the 
range 0-360 0 with other parameters unchanged from one cycle 
to another, as the twist value was incremented each time by 
15 0 . 	Minima in the R factor after least squares refinement 
were taken to be suitable values. 	The P-O twist R factor 
versus angle curve is shown in figure 19. 
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Figure 19 
The best values for P-O and C-O twists were then 
obtained from a two-dimensional R factor loop which 
automatically varies both parameters and expresses the 
best combinations as a series of minima. 
All refined bond lengths, angles, torsional angles 
and some amplitudes of vibration and their estimated 
standard deviations are listed in Table 7. 	The final R  
value was 0.073. 	The radial distribution curve (figure 
20) shows a shoulder at ca 1.1A, on the larger peak at 
1.4A, due to the bonded C-H distance. 	The peak at ca.1.4A 
contains overlapping peaks due to bonded C-C and C-O 
distances. 	The peak at ca 1.6A contains contributions from 
the P-F and P-O bonded distances. 	There is a shoulder at 
ca 2.2A, due to non-bonded C .... H distances. 	The large 
peak at ca 2.4A contains overlapping peaks due to non-bonded 
C... .C, C... .0, F. . •F and F .... 0 atom pairs. 	The smaller 
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Table 7: 	Molecular Parameters for PhOPF 2 
a) 	Independent Distances 
r1 P-F 
2 P0 
r 3 C0 













0.043 (tied to 43) 
0.088 (14) 













C) 	Independent Twist Angles (0) 
ti C-0 	 68.2(I6,) 
t2 P-0 	 290.60) 
Table 7 (continued) 
d) 	Dependent Distances 
Distance 	(A) Amplitude (pm) 
d 6 IF... .F 2.392 (11) 0.069 (4) 
d 7 F .... 0 2.403 ( 	 9) 0.069 (tied to 
d 3 p....0 2.679 ( 	 8) 0.081 (12) 
d 9 O .... C 2.397 ( 	 9) 0;070 (fixed) 
d 10 C .... C 2.395 ( 	 5) 0.064 (fixed) 
d 11 C .... H 2.185 ( 	 9) 0.098 (11) 
d 12 F .... C 3.038 (14) 0.129 (fixed) 
d 13 P .... C 3.357 ( 	 9) 0.073 (8) 
d 1 O....0 3.661 ( 	 8) 0.099 (tied to 
d 15 O....H 2.652 ( 	 8) 0.110 (fixed) 
d 16 C. ...0 2.794 ( 	 6) 0.067 (7) 
d 17 C... .H 3.400 (11) 0.130 (fixed) 
d 19 P .... C 3.662 ( 	 9) 0.099 (4) 
d 19 F .... C 3.919 (27) 0.283 (fixed) 
d 20 F .... C 3.501 (19) 0.200 (fixed) 
d 21 F .... C 4.658 (10) 0.283 (fixed) 
d 22 P .... C 4.659 ( 	 9) 0.299 (fixed) 
d 23 P .... C 4.879 (10) 0.299 (fixed) 
d24 P....H 3.260 (12) 0.200 (fixed) 
d 25 P .... H 3.801 (11) 0.200 (fixed) 
d2S 0... .0 4.179 ( 	 8) 0.057 (fixed) 
d 27 0... .H 4.556 (15) 0.120 (fixed) 
d 28 C .... H 3.902 (12) 0.110 (fixed) 
d 29 H .... H 4.362 (20) 0.130 (fixed) 
d 30 F .... H 4.153 (34) 0.200 (fixed) 
Table 7 (continued) 
Distance 	(A) Aip1itude 	(pm) 
d 31 F... .0 4.953 (30) 0.283 (fixed) 
d 3 2 F... .H 3.023 (29) 0.200 (fixed) 
d 33 F....0 4.637 (23) 0.283 (fixed) 
d34 F .... H 4.582 (17) 0.283 (fixed) 
d 35 F .... H 4.298 (23) 0.200 (fixed) 
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peak at ca 2.8A, on the right-hand side of the former one, 
is due to C•. •C and P.• . .0 non-bonded distances. 	The 
0 	 0 
broad peak with maxima at ca 3.4A and 3.6A respectively, 
contains contributions from several non-bonded pairs, 
predominantly P .... C at 3.45A and C .... 0 and P .... C at 
3.65A. 	In some cases amplitudes of vibration were fixed 
e.g. P-F and P-0 were both fixed at 0.0450 pm or refined as 
groups e.g. bonded C-C amplitudes with C-0 and F .... F with 
F .... O. 	The angle C(6)C(5)C(10), which carries the -OPF 2 
substituent, was changed from 120.00 to 122.0 0 and then fixed, 
since it was found to move to nonsensical values when free 
to refine with other angles. 	The value of 122.0 0 for 
C(6)C(5)C(10) indicates some distortion of the phenyl ring. 
This is in general agreement with the finding that distortion 
of the Cipso angle occurs when electronegative substituents 
are attached to benzene rings, e.g. C 	-C 	-C 	= ortho ipso -C 
123.40 0 for fluorobenzene. 108  
Molecular scattering curves are shown in figure 21 and 
perspective views of PhOPF 2 are shown in figures 22, 23 and 
24. 
Figure 20 
Observed and QiF'Ference Radial Distribution Curves 
For PhOPF 2 . 
r 
Observed and DF'Ference Molecular Scattering Intensity 
Curves For PhOPF 2 . 
Camera Distance 285mm 
Fig. 21 
 
Camera Distance 128mm 
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The Reaction of Rhodium and Iridium Chioro-bridged Dimers 
with Difluorophosphites 
Introduction 
Very little has been reported on the reaction between 
platinum metals and difluorophosphites. 	The well studied 
reactions of alkyl phosphines with these metals, however, 
gives an indication of the types of metal substrates that are 
likely to react with fluorophosphites. 	It is well known that 
binuclear metal complexes, with bridging halides, react with 
Lewis bases leading to bridge cleavage via co-ordination of 
the base, e.g. phosphine, and the formation of a metal centre 
carrying two terminal halides. 	In the case of rhodium, 















The oxidation state of rhodium determines the type of 
reaction that occurs. 
3.1 	Rhodium Cyclopentadienyl Compounds 
[Rh( 5 -0 5H5 )C1 2 ] 2 is a difficult compound to make 
and synthetic attempts often result in an insoluble, amor -
phous polymer, [Rh(n5_C5H5)C12]. 109 Reactions (43) and 
(44) show two published syntheses. 110  
C 5H5Rh(C 5H5Ph) + X 2 	- [Rh(C 5H5 )x 2 ] 2 
X = Br, I 
C5H5RhCl (TI 3 -C 3 H5 ) + HC 	- [Rh(C5H5 )C1 2 ] 2 	(44) 
More commonly used is [Rh(n 5 -0 5Me 5 )X 2 ] 2 (X=halogen), which 












(Rh (5-05Me5)C12] 2 
MeOH/N2 
Scheme XIII 
Unlike the Rh-05H 5 bond, the Rh-0 5Me 5 bond is not 
cleaved by acidic, basic and reducing conditions. Thus 
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[RhCp*c1 2 ] (Cp*_fl 5 _C 5Me 5 ), is a hydrogenation catalyst 
while {RhCpC1 2 ] 2 is not. 	Also, the methyl groups of Cp*, 
act as a good n.m.r. probe and convey good solubility 
and crystallisation properties to their compounds. 	The 
structures of [RhCp*C1 2 ] 2 and [RhCp*Br 2 ] 2 have been verified 
113 by X-ray crystallography. 112, 	Metathetical replacement 
of chloride ligands may be achieved using the sodium halide 
as shown in reaction (45). 




In solution, {RhCp*C1 2 ] 2 is believed to sit in 
equilibrium with the trichioro-bridged species shown in 
reaction (46), and treatment of a methanolic solution of 
[RhCp*C1 2 ] 2 with NaBPh 4 gives the salt [RhCp*(_Cl) 3 
Cp*Rh]BPh4. 115 
[RhCp*C12] 2 
	[RhCp* (Cl) 3cp*Rh1c1 	
NaBPh4 
[RhCp* (si -Cl) 3Cp*RhJ BPh4 '- NaCl 
(46) 
It is however the reaction of these chioro-bridged dimers 
with Lewis bases which is of most interest here. [RhCp*Cl 2 ] 2 
has been shown to bind strongly co-ordinating solvents on 
W. 
removal of the chloride ligands with, for example, 	or 
Tl. 116 	It is possible that the solvent cleaves the 
halide bridges since it is a Lewis base, giving monomeric 
compounds of the form shown in reaction (47) 
[RhCp
* 
 Cl] 2 + 4AgPF6  + 6 solv solv2[RhCp(soiv)3]_ 
(PF6 ) 2 + 4AgC1 	(47)116 
solv = MeCN, Me 2SO, C 5 H 5  N 
Significantly, [RhCp Cl 2 ] 2 undergoes bridge cleavage 
when treated with alkyl or aryl phosphines giving Rh(III) 
phosphine complexes of the type [RhCp*C12  (PR 3)]. Hence1 
for Rh(III), we can envisage addition with cleavage as the 
chemical process. (Reaction (48)).h10 
ci 	 Cl 	PR  
C
p*Rh >RhCp * ____ Cpih 	1hCp* 	2Cp RhC 12  (PR 3 ) 
(48) 
Reaction (48) is.carried out under nitrogen in ethanol. 
It is possible that the reaction occurs via solvolysis, 
followed by exchange of ethanol for phosphine; however, inter-
mediates formed in either process would most likely be short-
lived. 	Similarly, a bridged binuclear species 
[CpRhC1 2 (diphos)RhCpC1 2 ] can be made by addition of 
diphos to [RhCp Cl 2 ] 2 . 	(Reaction (49). 110 
excess 
[Rhcp Cl 2 ] 2_
diphos,, 
 [Cp RhC1 (P 	P)RhCpCl] diphos 	- on- 
2[RhCp Cl 2 (P—P)] (49) 
The complex, [RhCp C1 
2 
 (diphos)], which is a pseudo seven 
co-ordinate Rh(III) species with a chelating diphos ligand, 
loses chloride on treatment with NH 4 PF6 in ethanol, to give 
the cationic monomeric complex [RhCp C1(diphos)]PF 6 . 
(Reaction (50)). 110  
C1 ci 	 C1T+FF6 
\/ 
c 	 EtOH ( 	
NH4 PF6 	 / 
P 	
(50)110 
No report of the treatment of PF 3 on [RhCp C1 2 1 2 can be 
found in the literature, although Ni(PF 3 ) 4 has been used as a 
trifluorophosphinating reagent for [RhCp Cl 2 ] 2 and other 
metal substrates. 117 	Only complexes with two equivalents 
of PF 3 per rhodium can be made, as shown in reaction (51). 
[RhCp Cl 2 ] 2 + Ni(PF3)4_40h ref lux 	[RhCp(PF 3 ) 2 ] 	(51) 
Treatment of the Rh(I) species, [RhCp(PF 3 ) 2 ] with 
iodine leads to oxidation of the rhodium centre and the 
•/0 
	
generation of [RhCp*12(PF3)],  (Reaction 52). 	Treatment 
with bromine, however, affords the dimer [RhCp
* 
 Br2]2. 118  
[RhCp(PF3)2] *I2 	
I  [RhCpI2(PF3)] 
	
(52) 
A summary of the reactions of [RhCp Cl2]2 is given in 
Scheme XIV. 
EMCI PF] 
(MC00-OH)3MC0]X 	 / 	\Vill Ni(PF3 )4 . 	
2 3 
[MCpCtL']" 
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I - in L= PR3 , amines, py,diphos. RCN, NOR) 3'  M= Rh.Ir 
IV 	LPPh3 ,M=Rh 
V 	X=Br.L NCO. SCN, M= Rh, tr 
V1 	M=Ir, X=I 
A L= py,dmso, MeCN. (solids) 
viii-x M=Rh 
X1 	M= Rh. Ir, R=CF3 ,CH3 
xii 	M=Rh,X=N0.C1 - BPh1 
xiii 	M=Rh.X=Ct 
xiv 	M=Rh 
Me2 CO.MeOH.CH2 Cl 2 (solution only) 	 xv,xvi M=Rh,Ir 
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Reaction of [RhCpCl 2 l 2 with Difluorophosphites 
It was decided to use rhodium substrates which are 
ideal for phosphine co-ordination since rhodium has only 
one stable isotope, 103  Rh, which has a nuclear spin quantum 
number I=. 	Direct phosphine co-ordination to rhodium 
should be confirmed by observation 
ofRhP*It  was argued 
that even if no change in 5P nor 'J PF  were observed on co-
ordination of the fluorophosphite, one-bond J 	 and two-bondPRh 
splittings in the 31 P and 19 F n.m.r. spectra would be 
diagnostic that complexation had occurred. 	Reactions between 
ruthenium substrates and difluorophosphites (see Appendix II) 
were found either not to work or gave products with identical 
'SP and 1PF  parameters in their 31 P n.m.r. spectra. 	It was 
hoped that difluorophosphites would react with [RhCp*C12]2 by 
bridge cleavage of the metal dimer. 
3.1.1 Reaction of [RhCp*C12]2  with PhOPF 2 
The reaction of PhOPF 2 with (RhCp*C12]2  was carried out 
in a sealed, evacuated n.m.r. tube containing CDC1 3 as solvent, 
and the reaction monitored by 31 P n.m.r. spectroscopy. 
Reaction was complete in 10 minutes at room temperature. 
Figure 26 shows the 31 P{ 1 H} n.m.r. spectra after 3, 6 and 10 
minutes. 
It can be seen that the signals due to the product, which 
are triplets 	of doublets ('J), grow with respect to 
the unco-ordinated ligand signals (triplet, 1PF• 
	Most 
noticeably, the doublet and the singlet resonances indicate 
7.3. 
31P [HI N.m.r. Spectra of [PhCpC1 2] a ± PhOPF 2 at 3, 60 & 10 minutes 
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very small changes in oP and PF upon co-ordination of 
the ligand - 3 co-ordinate P(III) to 4 co-ordinate P(III) 
(Reaction 53) below). 
* 	 CDC13 	 * 
[RhCp Cl 2 ] 2 + 2PhOPF 2 	 2[RhCp Cl 2 (PhOPF 2 )] 	(53) 
Reaction 53 was repeated on a larger scale, in chloroform 
and the product isolated by addition 
product redissolved in CDC1 3 gave an 
figure 26. OP changes only slighti' 
110.0 ppm (free ligand) to 110.5 ppm 
PF changes by 47.5Hz from 1327.0Hz 
The smaller doublet splitting is due  
of diethyl ether. 	The 
identical spectrum to 
on co-ordination from 
(co-ordinated ligand). 
(free ligand) to 1374.5Hz. 
to the one bond phosphorus- 
rhodium coupling ('JPRh=268.5Hz). 	The 19 F{'H} spectrum shows 
a doublet (1JPF=1374.5Hz)  of doublets (2JFRh=161iz) at -39.5Hz. 
Noticeably, the red amorphous solid retrieved was air stable. 
This is unusual for some fluorophosphine complexes e.g. platinum, 
molybdenum, but is known for rhodium. 	Free difluorophosphites 
become cloudy when exposed to air, due to oxidation at 
phosphorus as indicated below. 
0 
+ 	02 "H20 
'\- 	F 	 '0 	F 
The product, [RhCp*C12(PhOPF2)] was recrystallised from 
CH2C1 2 /Et 20 and submitted for elemental analysis. 
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Elemental Analysis of [RhCpC1 2 (PhOPF 2 )1 
0 
0 
CALCULATED 	40.8 	4.2 
FOUND 	 40.3 	4.3 
The I.R. spectrum of [RhCpC1 2 (PhOPF2 )] indicated 
co-ordination of PhOPF 2 by the appearance of several bands 
below 1400 cm -1 , absent from the spectrum of [RhCp 
*
Cl 2 ]. 
The P-F stretch, VP_F is clearly seen at 869 cm- 
1  having 
shifted 9 cm- 1  from free PhOPF 2 , 	(860 cm 1 ). 	The C-a 
stretch, VCO, can also be identified at 1170 cm- 1  moving 
26 cm- 1  from free PhOPF 2 , (1196 cm). 
Crystals were grown from CH 2C1 2 with a diethyl ether 
superlayer. 	The crystals obtained were equant blocks of 
0.2 nun side, and were submitted for X-ray crystal structure 
determination. 
3.1.2 The Single Crystal X-Ray Structure of (RhCpC1 2 (PhOpF 2 )1 
A single crystal X-ray study was undertaken to verify the 
geometry of the phosphorus at rhodium and subsequently to 
compare it with the same geometry in unco-ordinated PhOPF 2 as 
obtained by electron diffraction studies. 
Crystal Data 
C 16H20C1 2F 2OPRh, M=471., Orthorhombic, space group P2 1 2 1 2 1 
a=7.9335(23), b=14.876(6), c=15.825(4)A, ct==y=90°, 
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U=1867.65A3, Dc=10087  gcm 3 , Z=4, F(000)=943.99, 
4(Mo-K()=12.40 cm , 	{(Mo-Ka)=0.7109A. 
At convergence R, R=0.0380,  0.0378 respectively for 1003 
independent data. 	Selected bond lengths and angles are 
given in Table 8, and a perspective view is shown in figure 
27. 
The structure shows the 'piano stool' type pseudo 
octahedral geometry found in rhodium-cyclopentadienyl com-
pounds. 	The Rh-P distance is 2.220(4)A, typical Rh-P 
119 distances are 2.2A. 	The P-F distances of 1.559(9) and 
1.530(9)A respectively are shorter than in the unbound ligand 
(1.585(7)A) . The 0-P-F angle of 101.8(5) 0 which is 3.4 0 
wider as is the P-a-C angle, 132.1(7) 0 which is 3•70  wider 
than free PhOPF 2 . 	The F-P-F angle, 96.6(5) ° is 1.4 ° more 
narrow than in free PhOPF 2 . 	The P-0-C1-C2 and P-0-C1-C6 
torsion angles, which are 180 ° apart, -7 0 and 173 ° respectively, 
indicate that the plane of the phenyl ring virtually bisects 
the F-P-F angle. 
3.1.3 Reaction of [RhCp*C12]2 with PhOPF 2 at 303K 
It was stated in Chapter 2 that PhOPF 2 was stable to 
decomposition over a period of hours at room temperature and 
at 323K. 	An n.m.r. tube containing a CDC1 3 solution of 
[RhCp*C1 2 (PhOPF 2 )] and an excess of PhOPF 2 was left at 303K 
for 19 hours. 	A marked change occurred in the 31 P{ 1 H} 
spectrum, which is shown in figure 28. 	The large triplet at 
110 ppm (labelled a) (1JPF=1326Hz)  is due to unco-ordinated 
PhOPF,. 	This is surrounded by a triplet of doublets 
(labelled b) of very low intensity, due to [RhCp*C12(PhOPF2)]. 
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Table 8: Selected Bond Lengths and Angles (with e.s.d.'s) 
for [RhCp*Cl 2 (PhOPF 2 )] 
Bond Lengths (A) 
Rh - p 2.220 (4) 
Rh - Cl 2.401(4) 
Rh - C1R 2.172(9) 
P - 0 1.556(9) 
P -  1.559(9) 
P -  1.530(9) 
C - 0 1.391(11) 
Bond Angles (°) 
P - Rh -dR 110.1(3) 
Cl(1) 	- Rh - C1(2) 92.26(13) 
C1R - Rh - C2R 38.4(3) 
C1R - Rh - C3R 64.0(3) 
Rh - P - 0 115.5(4) 
Rh - P - F 117.2(3) 
0 - P - F 101 .8(5) 
F - P - F 96.6(5) 
P - 0 - C 132.1(7) 
Rh-C1R-C1M 130.1(9) 
STRUCTURE OF [Rh(C5 Me 5 )C[ 2(PhOPF 2 )] 
Figure 27 
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There is also a widely spaced quartet at 104 ppm 
(labelled c) ('JPF=l4OlHz) which is undoubtedly PF 3 due 
to its characteristic n.m.r. parameters (peak c' has 
folded back from the L.H.S. due to the narrow spectral 
width). 	A doublet appears at 121 ppm (labelled d) 
(J=1266Hz) due to a compound with one fluorine attached to 
phosphorus. 	Finally, there is a doublet of doublets 
(labelled e) at 108.5 ppm. 	A red solid was isolated from 
this n.m.r. tube, washed with Et 20 to remove free fluoro- 
phosphines, and then redissolved in CDC1 3 . 	Expansions of 
the resulting 21P{H} and 19 F{'H} spectra are shown in figure 
29. 	The 31 P{'H} spectrum shows a doublet of doublets 
identical to peaks e in figure 28, at 108.5 ppm. 	A dispropor- 
tionation of PhOPF 2 , reaction (54), would result in the 
species (PhO) 2PF, which could potentially react with 
[RhCp*Cl 2 1 2 in solution. 
2PhOPF 2 	. (PhO) 2 P + PF 3 	 (54) 
Resonances a to e (figure 28) are assigned with their 
corresponding n.m.r. parameters in Table 9. 	The 19 F{ 1 F1} 
spectrum confirms the presence of species b and e showing 
two doublets 	of doublets 	 The larger intensityPF 
signals have an identical PF value, 1316Hz, to species e 
and show a two-bond rhodium-fluorine coupling (2JFRh=14Hz). 
The smaller intensity signals are confirmed as those of 
[RhCp*C1 2 (PhOPF 2 )], which was present as a product in the 
initial reaction tube. 19F{'H} n.m.r. parameters are listed 
in Table 10. 
31P ['H) N.m.r. Spectrum of [RhCp3EC1 2 (PhOPF 2)]/PhOPF2 at303K. 
Figure 28 
Figure 29 
31P [IHI N.m.r; Spectrum of [RhCp*C1 2 (PF(PhO) 2)] 
1O5 
	 ppm 
ISF{IH} N.m.r. Spectrum of [RhCpC1 2 (PF(PhO) 2 ) ] 
b 	 bj 
-44 	 ppm 
For both PhOPF 2 and (PhO)2PF, 1i PF increases by 
approximately 50Hz on co-ordination to Rh(III), SP changes 
by only 0.5 ppm for PhOPF 2 , lying near 110 ppm. 	SP for 
(PhO) 2PF, however, drops by 12.5 ppm to 108 ppm upon co- 
ordination. 	SP for compounds of the form (RO) 2PF typically 
lie between 120 and 135 ppm, 
24 due to the change in the 
phosphorus environment when only one fluorine is attached. 
PF 3 	RO-PF 2 	(RO) 2-PF 
SP/ppm 	104 	110 	 125 
The removal of deshielding fluorine atoms in the above 
series is obviously not the only factor affecting 6P, since 
it would be predicted to decrease from PF 3 to (RO) 2PF. 
A red solid was isolated from the n.m.r. tube and 
recrystallised from CH 2C1 2 /Et 20 giving large crystalline 
blocks which were submitted for elemental analysis. 
Elemental Analysis of [RhCp*C1 2 ((PhO). 2PF)] 
%C 	 %H 
CALCULATED 	48.4 	 4.6 
FOUND 	 47.3 	 4.5 
The slightly low values (ca.i:.i% error in %C) may be 
due to the-presence of [RhCp*Cl2(PhOPF2)], which was detected 
in the 31 P n.m.r. spectrum and which has a lower %C (40.8%). 
The crystals were not suitable for X-ray crystallographic 
study. 
Table 9: 31 P{'H} Resonances a to e and their Assigned 
Species 
Peak Splitting SP/ppm 1 JPF/Hz 	1JPRh/Hz Assigned 
Pattern species 
a t 110 1326 	- PhOPF 2 
b t of d 110.5 1374 	268.5 [RhCp*C1 2 (PhOPF 2 )] 
c q 104 1401 	- PF 3 
d d 121 1266 	- (PhO) 2PF 
e d of d 108.5 1316 	253.9 [RhCp*C1 2((PhO) 2PF)] 
Table 10: 19 F{'H} Resonances of Species b and e 
Peak 	Splitting 6F/ppm 	1 JPF/Hz 	2JFRh/Hz 
Pattern 
b 	d of d -39.4 1374 16 
e 	d of d -44.2 1314 14 
d - doublet, t - triplet, q - quartet 
T 
3.1.4 Reaction of [RhCp*C1 2 11 2 with Ligands of the form 
[F2 PO(C2-4—n-2  H 0) PF I 
The reactions of the series of polyethylene-ether 
ligands F 2PO(C 2H40)PF 2 (n=1-6) with [RhCp*Cl2]2 were 
followed by multi-nuclear n.m.r. spectroscopy, and are 
summarised in reaction (55) 
F 2P5 'O)PF 2 + [RhCp*C1 2 ] 2 	[Cp*RhC1 F PO 	PF RhCp*C1 2 1 22 n 2 
(55) 
The observed n.m.r. parameters are listed in Tables 11 
and 12. 
SP remained essentially unchanged on complex formation, 
perhaps increasing by two or three ppm. 	This, at first, 
seems surprising since the chemical shift is directly related 
to chemical environment which is changing from 3 co-ordinate 
P(III) to metalbound 4 co-ordinate P(III) and pF increases 
by 50Hz. 	For the molybdenum carbonyl complexes, 
[MO(CO) 5F 2P0(CH 2 )OPF 2MO(C0) 5 1 (n=3-6), it was found that 
1 	 15 PF generally decreased by ca 50Hz. 	SF was found to 
increase by ca 8Hz on complex formation, but the variation 
for the free or complexed SF within each series, n=1-6, was 
very small. 	The complexes [RhCp*C1 2F 2PO(C 2H 40)PF 2RhCp*Cl 2 ] 
were red solids for n=1,2,3 but could only be isolated as oils, 
despite trituration in non-polar solvents, for n=4,5,6. 	All 
products were soluble in common polar solvents such as 
C11C1 3 , CH 2C1 2 , MeCN, MeNO 2 , Me 2CO etc. 	The products 
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Table 11: 31 P N.m.r. Parameters of Complexes 
(RhCp*Cl 2 ) 2F 2 P0 (C 2H 4O)PF 2 ] 
n 	oP/ppm 	1 pF 1 ' 	 ' pRh' 	3JPH/Hz 
	41PH me /Hz 
1 	119 1346 263 N.R. 7 
2 	119 1349 263 7.5 7 
3 	116 1345 261 7.5 7 
4 	117 1350 263 7.8 7 
5 	118 1349 261 8.0 7 
6 	118 1351 263 7.7 7 
Table 12: 19 F and 1 H N.m.r. Parameters of Complexes 
[(RhCp*C1 2 ) 2F 2 P0 (C 2H 40)9PE] 
n 	5F/ppm ZJFRh/Hz SH/ppm 
1 	-37 16.5 1.66 
2 	-40 16.5 1.75 
3 	-40 16.4 1.74 
4 	-41 16.3 1.73 
5 	-39 16.1 1.69 
6 	-39 15.9 1.75 
N.R. - Not resolved. 	Hme - Cp* Methyiprotons. 
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[(RhCp*Cl 2 ) 2F 2PO(C 2H 4O)PF 2 ] (n=2,3) were prepared in 
proton chloroform and isolated as solids which were re-
crystallised from CH 2C1 2 /Et 20 and submitted for elemental 
analysis. 
Elemental Analysis of ((RhCp*C1) F PO(C H 0) PF 2-2-2---2-4—n-2- 
(n=2,3) 
n=2 	 %C 	 %H 
CALCULATED 	 33.5 	 4.4 
FOUND 	 34.5 	 4.6 
n=3 
CALCULATED 	 34.5 	 4.6 
FOUND 	 34.2 	 4.6 
The I.R. spectra of these compounds, (n=1-6), which 
were run as KBr discs, are very similar. 	The significant 
features are bands at 2940 cm -1  (rn), 1450 cm- 1 (m), 
1370 cm -1  (m) and 1040 cm -1  (s). 	These peaks appear in the 
spectra of all (RhCp*Cl) containing compounds. 
120 The P-F 
stretch, "P F' is seen as a strong PR shaped band at 860 cm- 1. 
A sharp Q branch appears at 580 cm 1 , possibly due to P-O 
stretching or P-F deformation. 	Weak peaks below 600 cm 1 
-1 at 500 cm , 457 cm-1  and 411 cm- 1 include P-F deformations 
and Rh-Cl stretches. 	Some C-O stretching activity is evident 
at 1140 cm- 1. 
As with the free ligands, mass spectrometry proved 
to be a poor technique. 	Both E.I. and F.A.B. mass spectra 
failed to give molecular ion peaks or rational fragmentation 
patterns. 
Confirmation of co-ordination was thus attributed to 
the n.m.r. and I.R. spectra of these compounds. 	The struc- 
ture of the products was deduced from the large amount of 
information obtained from high resolution n.m.r. spectroscopy. 
Each product, [(RhCp*Cl2)2F2PO(C2H4O)PF2], has four 100% 
1=4 nuclei within four bonds of each other as well as 
nuclei. 	The compound [Cp*RhC1 2 (PF 2O(C 2H 4 0) 4 PF 2 )RhCp*C1 2 ], 
a typical example of the products, gave particularly good 
n.m.r. spectra which will now be discussed in greater detail. 
3.1.5 N.m.r. Spectra of the Compound 
[(RhCp*C1 2 ) 2F 2 P0 (C 2H 4 0) 4 PF 2 3 
..ci 	 CL 
Rh 	F 	 Rh 
CE: O O OOO 	Cl 
F 
H a b  d dc b a 
31 P{ 1 H}: 	Triplet ( 1 J ) of Doublets ( 1 J 	) .PF 	 PRh 
Implies that both phosphorus atoms are chemically 
equivalent and bonded to rhodium. 
31 P: 	Triplet (1i 
PF 
 of Doublets (1i 
PRh 
 of Octadecaplets 
T 
The expansion of the two resonances centred around 
117 ppm (figure 31), when integrated, normalise most closely 




Only the 10 central lines are of strong enough intensity 
to show up above the noise level. 
Hence, by coincidence 4 JPH(Methy 1 ) = 3 JPH(Ether) (7Hz) 
giving the effect that 17 equivalent nuclei are splitting 
each phosphorus signal into 18 lines. 
31 P{ 1H (Methyl)}: Triplet 	of Doublets 	pRh of 
Triplets (3j PH 
Selective decoupling of the 15 Cp* methyl protons 
(SH= 1 . 7 ppm) causes a collapse of the octadecaplet structure, 
leaving coupling to the first two protons (Ha) of the 
polyether chain (Figure 32). 	Verification that 
31PH(Ether) = 7.8Hz backs up the coincidental coupling con-
stant postulated from the previous spectrum. 	Expansion of 
the 31 P{ 1H(Methyl)} spectrum shows the beginning of more fine 
structure due to the next two protons(Hb) (JPH(Ether) "1.8Hz). 
19 F{ 1 H} 19F: Doublet 	of Doublets 	FRh 
Both spectra indicate fluorine to phosphorus and rhodium 
couples but no coupling is seen, even with line narrowing, 
between fluorine and hydrogen (Figure 33). 
1H: This spectrum, (Figure 34), shows a doublet at 
6H1.7 ppm  (PH(Methyl)= 7Hz), as found in the 31P spectrum, 
and thre-e other resonances of integral 4:4:8 relative to 30 
for the doublet. 	For a tetra-ethylene fragment there 
are four distinct environments with four protons in each. 
At highest field6H=4•52  ppm) are the two CH 2 resonances 
nearest oxygen (Ha). As for free ligands (Chapter 2), 
CH 2-CH 2 coupling results in an 	spin pattern due to 
magnetic non-equivalence. 	The 31 P spectrum indicated a 
41 PH value of 7Hz, hence we expect and find the [AB]2 pattern 
to be doublet split. 	The next resonance (6H=3.73  ppm) is a 
simple. 	pattern due to resonances for the CH  protons Hb, 
which are too far away to couple to phosphorus. The remaining 
two environments (8 protons) are chemically very similar and 
hence two ''2  patterns overlap at 6H=3.62  ppm. 	No coupling 
is transmitted between ethylene protons separated by oxygen 
atoms. 
'H{ 31 P}: Decoupling of the phosphorus nuclei results in 
the loss of a doublet splitting to the two sets of proton 
nuclei discussed in the 31 P spectrum, H(Methyl) and Ha. 
The doublet signal in the 'H n.m.r. spectrum at 6H1•7  ppm, 
due to the Cp* methyl protons, collapses to a singlet. 	The 
doublet split 	pattern at 6H  =4.52 ppm becomes a single 
CAB] 
2  pattern on losing phosphorus coupling, verifying that 
31PHa 711z, deduced from the 31 P spectrum. 	The two resonances 
at 6H  3.73 and 3.62 ppm respectively remain unchanged. 
1 H{ 31P,'Ha}: The 1 H{ 3 
 
} spectrum with selective decoupling 
of protons Ha, was also run and is shown in figure 36. 	The 
resonance attributed to .protons Hb, indicated by the CAB] 2 
pattern at 6H  3.73 ppm, now collapses to a singlet. 	This 
confirms that the 	pattern is due to adjacent methylene 
90 
groups and that protons assigned Ha are next to those 
assigned as Hb. 	The resonance at 6 H=  3.62 ppm, assigned 
to protons Hc and Hd is unaffected. 
In conclusion we can unambiguously assign all the 
resonances due to the spinning nuclei in these molecules 
and confirm a bridging ligand in the complexes 
[(RhCp*C1 2 ) 2F 2P0(C 2H 40)pF2 J (n=1-6). 	The n.m.r. spectra 
are shown in figures 30 to 36. 
3.2 Iridium Cyclopentadienyl Compounds 
The compound [RhCp*C12]2 is relatively easy to make 
- by reaction of RhC1 3 .3H 20 with H.M.D.B. or C 5Me5H (Scheme 
XIII). 	The preparation of [IrCp*C12]2 is, however, not 
so simple and fails for C 5Me 5H and proceeds in only 9% yield 
using H.M.D.B. 	It has since been found that H.M.D.B. reacts 
with acid, HX, as shown in reaction (56).h10 
HX 	 CHMe 	(56) 
H.M.D.B. 	 1-(1-ChoroethyL)penta- 
rnethy1cyclopentadiene 
Where X=Cl the product, 1-(1-chloroethyl)pentamethyl-
cyclopentadiene, reacts well with IrCl 3 .3H 20 to give 
[IrCp*C1 2 ] 2 in excellent yield. 	This can be achieved by 
isolating the cyclopentadiene first or by in situ treatment 
of H.M.D.B. with HC1 in the presence of IrCl 3 .3H 20 (Reaction 
(57) ) 
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C Me 5 (CHC1CH ) + IrCi .3H.., 	
340K 	 2 2 
	
O [IrCp*Cl ] 	(57) 
It is, therefore, surprising that the preparation of 
[MCp*C1 2 ] 2 (M=Rh,Ir) using H.M.D.B. alone should work only 
for rhodium, since 0.01M aqueous solutions of RhC1 3 .3H 20 
and IrCl 3 .3H 20 have pH values of 2.7 and 2.9 respectively. 0 
Like [RhCp*C1 2 ] 2 , [IrCp*C1 2 ] 2 reacts with strongly co-
ordinating solvents such as MeCN, Me 2SO and C 5H 5N, in the 
presence of AgPF 6 affording the tris solvates, LIrCp*(solv) 3 ] 2 
(Reaction (47)). 	[IrCp*C1 2 ] 2 also undergoes bridge cleavage 
by phosphines giving [IrCp*C1 2 (PR 3) 110..121 Metathetical 
replacement of chloride for bromide or iodide can be 
achieved by treatment of [IrCp*C1 2 ] 2 with LiBr, Lii or Nal 
giving [IrCp*Br 2 1 2  and [IrCp*1 2 ] 2 respectively. 	The crsytal 
structures of [IrCp*X2]2 (X=C1, 122 Br, 1 
123  ) have been 
verified by X-ray crystallography. 	(IrCp*C1 2 ] 2 reacts with 
Ni(PF 3 ) 4 , but not PF 3 , to form two trifluorophosphine 
complexes (Reaction (58)), whereas {RhCp*C1 2 ] 2 affords only 
one, namely [RhCp*(PF 3 ) 2 ]. 
[IrCp*C1 2 ] 2 + Ni(PF3)4 - [IrCp*(PF 3 ) 2 ] + [IrCp*(PF 3 ) (PF 2 )F] 
• III 	 Iv 
(58) 
Compound IV is less volatile than III, their melting 
points being 90 °C (III) and 140 ° C (IV) respectively, and is 
separated from III by sublimation. The structure ot IV 
was assigned on the basis of 19 F 1 H} and 1Hn.m.r. spectroscopy.39 
Compound IV results from an internal oxidative addition 
of PF 3 . 	It has been shown that iridium phosphine com- 
pounds undergo oxidative addition reactions more readily than 
their rhodium counterparts. 50 
3.2.1 Reaction of [IrCp*C12]2 with Ligands of the form 
F P0(C H 0) PF -2 2-4—n-2 
The reactions of the series of polyethylene ether 
ligands, F 2PO(C 2H40)PF 2 (n=3-6), with [IrCp*C12]2 were 
followed by multi-nuclear n.m.r. spectroscopy, and are 
summarised in reaction (59) 
[IrCp*C1 2 ] 2 + F2P(PF2 	- [Cp*IrC1 2F 2PO 	b)PF 2IrCp*C1 2 1 
(59) 
The observed n.m.r. parameters are listed in Tables 13 
and 14. 	The 31p  chemical shift changed quite dramatically 
from ca 113 ppm to ca 82 ppm on complex formation. 	1ipF 
was found to decrease by ca 27Hz (cf rhodium case where 1i
PF 
increases by ca 50Hz). 	The 31 P{'H} n.m.r. spectra (Figure 
37) show simple triplets 	pF 	while the coupled 31 P n.m.r. 
spectra show triplets with multiplet J 
PH  splitting (Figure 38). 
However, the 31 P{ 1H(Methyl)} selective decoupling experiment 
shows a triplet ('J PF  of triplets ( 3 JPH(Ether)), (identical 
to the free ligand 31 P n.in.r. spectra). 	31PH(Ether) is found 
to be 7.9Hz whereas IJ(Methyl)=4.2Hz when measured from 
both the 31p  and 1 H n.m.r. spectra. 	Hence, the peak integrals 
do not normalise to a simple octadecaplet. 	Since iridium 
Table 13: 	3 P N.m.r. Parameters of Complexes 
[(IrCp*C1 2 ) 2 F 2P0 (C 2H 40)PF 2 3 
n tSP/ppm /Hz  3PH' PHme 
3 82.0 1266 7.9 4.3 
4 83.0 1269 7.9 4.2 
5 83.0 1270 8.0 4.3 
6 81.3 1264 8.1 4.4 
Table 14: 19 F and 1 H Chemical Shifts of Complexes 
[(IrCp*C1 2 ) 2F 2 P0 (C 2 H 40)PF 2 3 
n 	tSF/ppm 	oH me/ppm 
3 	-42.4 1.74 
4 	-42.6 1.77 
5 	-42.9 1.75 
6 	-42.7 1.75 
31p{iH} N.m.r. Spectrum of Compounds [(IrCp*C1 2) 2 (F 2P) (C 2H 40)PF 2)] 	 ( -O&U12_ 
125 	 100 	 75 	 50 	 ppm 
'P N.m.r.Spectra of Compounds [(IrCpMC1 2) 2 (F 2PO(C 2H 40)PF 2)] t- -oz*tW2 
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has no stable; I=j isotope, these spectra have one splitting 
less than their rhodium counterparts. 	The 19 F n.m.r. spectra 
are doublets at ca -42 ppm where 5F has increased by ca 5.5 
ppm on complexation. 	A similar change in 5F is observed for 
molybdenum carbonyl complexes of difluorophosphines e.g. 
[Mo(CO) 3 (PhOPF 2 ) 3 ] 15 ' 24 . 	The 1H n.m.r. spectra of 
[(IrCp*Cl 2 ) 2 F 2P0(C 2H40)PF 2 ] (n=3-6) are virtually identical 
to their rhodium analogues since no rhodium—hydrogen couplings 
appeared. 	'J(Methyl) is typically measured as 4.4Hz, the 
doublet splitting of the resonance at 5H17  ppm. 
The complexes [(IrCp*Cl 2 ) 2F 2P0(C 2H 40)PF 2 ] (n=3-6) were 
prepared in proton chloroform also and could be isolated as 
lemon yellow solids for products where n=3,4 and as oils where 
n=5,6. 	The products were soluble in common polar solvents 
such as CHC1 3 , CH 2C1 2 , MeCN, MeNO 2 , Me 2CO etc. 	Elemental 
analyses were carried out for the solid products (n=3,4). 
Elemental Analysis of [(IrCp*Cl 2 ) 2F 2P0(C 2H 40)PF 2 ] (n=3,4) 
n=2 	 %C 	 %H 
CALCULATED 	28.8 	 3.88 
FOUND 	 28.7 	 3.92 
n=3 
CALCULATED 	29.8 	 4.09 
FOUND 	 30.2 	 4.25 
The I.R. spectra of the complexes are all very similar. 
I U..) 
As with [IrCp*C1212, C-H stretches appear at ca 2910 cm- 1 
-1 	 -1 	 -1 and characteristic peaks at 1450 cm , 1380 cm , 1150 cm 
and 1040 cm- 1  which are present in all (IrCp*C12) containing 
compounds. 	The P-F stretches, VP_Fl  are PR shaped bonds 
at ca 850 cm 1 . 	The Ir-Ci stretch, v Ir-Ci is visible at 
-  
300 cm -1 
3.2.2 Comparison of Rhodium and Iridium Difluorophosphite 
Complexes 
The chemical shift of phosphorus would normally be 
expected to change upon co-ordination. 	For Ir(III) it 
decreases by ca 30 ppm which, on a simple basis, is explained 
by the increased shielding at phosphorus due to iridium 
d-electron density. 	No such change arises for rhodium. 
This phenomenon is not unknown for 2nd row transition metals. 
Fluorophosphines co-ordinated to ruthenium arene and 
ruthenium bipyridyl complexes have identical 5P values. 	- 
PF drops by only ca 27Hz on co-ordination of the -OPF 2 group 
to Ir(III). 	A drop in coupling constant is consistent with 
less 's'-character in the orbitals of phosphorus. 	Upon co- 
ordination, Tr-donation from metal d-orbitals and a donation 
by phosphorus cause this drop in 's'-character at phosphorus. 
Conversely, 1i PF increases for Rh(III) on co-ordination. 




 in both cases increased by less than 10 ppm, probably 
because the fluorine atoms are another bond away from the site 
of chemical change. Iridium and rhodium complexes absorb in 
the blue region of the spectrum with peaks at ca 340 nm and 
I V-2 
420 nm respectively, which is consistent with their yellow 
and red colours. 
3.3 	Rh(I) and Ir(I) Chioro-bridged Dimers 
3.3.1 	Rh(I) 
A 	 Cl 	 A 
Rh 	 Rh 
B 	 Cl 	 B 
Figure 39 
Neutral Rh(I) binuclear complexes can be prepared with 
a variety of groups A and B (Figure 39), e.g. CO, PR 
3" 
 PF3, 
C 2H4 , C.O.D., nbd, r-allyl species. 	Dimers where A=B are 
common but if A+B then two A functions co-ordinate to different 
rhodium centres. 	Scheme XV shows how ligands exchange to 
form these compounds. 24 
105 
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The ligands A and B are all strong n-acceptor ligands. 
For most carbonyl metal compounds an analogous PF 3 species 
exists. 	Unlike Rh(III) complexes, which react by addition 
and bridge cleavage with Lewis bases, these Rh(I) species 
react by substitution of the terminal ligands in most cases. 
Of all ligands A, PF 3 is the strongest n-acceptor and will 
displace the other iT-acceptors from Rh(I) (Reaction (60)). 43 
EXCESS PF 
[Rh(CO) 2 (4-X)1 2 	 3 .[Rh(PF3 ) 2 (p-X)] 2 (RED) XC1,Br,I 
PF 3 
[RhX(PF 3 ) 4 ] (YELLOW) 	 (60) 
The yellow complexes, [RhX(PF 3 ) 4 ], are stable under an 
atmosphere of PF 3 at room temperature, but [RhX(CO) 4 ] is 
unstable and readily loses CO. 	Using smaller amounts of 
PF 3 , the mixed species [Rh 2 (PF 3 ) (CO) 4 Cl2 ] (x=1,2,3) can be 
prepared with one PF 3 and one CO on each Rh(I) centre when 
x=2. 	Interestingly, when IRh(CO) 2C1] 2 is treated with PPh 3 
the species trans-[RhC1(PPh3 ) 2CO] is formed; further treat-
ment with PP' 3 does not result in substitution of CO) 27 ' 128 
trans - [RhC1(PF 3 ) (PPh 3 ) 2 ] can however be made (reaction (61)) 
and is an example of a bridge cleavage reaction for this type 
of compound. 
EXCESS PPh 3 
[Rh(PF 3 ) 2C11 2 + 	 trans-{RhCl(PF 3 ) (PPh 3 ) 2 ] 	(61) 
107 
PF 3 will displace co-ordinated alkenes from Rh(I) 
dimers as shown in reaction (62) •124 
[Rh (C 2H 4 ) 2C1] 2 + PF 3 	= 	[Rh(PF 3 ) 2C1] 2 + 4C 2H 4 	(62) 
The 19F n.m.r. spectrum, 124  confirms that [Rh(PF 3 ) 2C1] 2 
is an 	spinning system (A=P, X=F) with a doublet 
(1JPF=1328Hz) of doublets (2JFRh=31.5h1z)  at 12 ppm. 	A 1:1 
mixture of {Rh(PF 3 ) 2C1] 2 and [Rh(C 2H 4 ) 2Cl] 2 exchanges as 
shown in Scheme XV. 	Scheme XVI summarises the routes to 
[Rh(PF 3 ) 2C1]2. 
I P1.1 
Scheme XVI 







{Rh(Azb)(Ff=) 11 - C!.12 
zb)2 C1], 
PF3 
[Rhco D)CI.]2 [PhcpCP 2 ] 
[Rh(C8H14 , C!.1 2 
C8 H14 =cycto-octene, Cp = -0 5 H5 , COD=cyclo-octadiene 
Azb = Azobenzene 
109 
In general, reactions of [Rh(PF 3 ) 2 C1] 2 with the ligands 
(L) shown in Scheme XVI, are reversible in the presence of 
excess of PP 3 or L and mixed compounds form from 1:1 mixtures 
of [Rh(PF 3 ) 2C1] and [RhL 2C1] 2 . 	One exception to this is a 
1:1 mixture of [Rh(Azb) 2Cl] 2 (fizb=Azobenzene) with either 
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SCHEME XVII 
Although mixed species [Rh(Azb) (PF 3 )C1] 2 and 
[Rh(Azb) (CO)Cl} 2 form each rhodium centre carries two 
identical ligands (cf. Figure 39) . 	 This implies that a 
Rh(I) and a Rh(III) centre are present within the same 
molecule since Azb is formally Azb. Scheme XVI shows that 
[Rh(PF) 2C1} 2 provides a route to [RhCp(PF 3 ) 2 ] by treatment 
of [Rh(PF 3 ) 2 C1] 2 with T1Cp. 
[Rh(PF 3 ) 2 C1} 2 can exchange C  2 H 4  under a pressure of 
ethylene, as measured from 124 F n.m.r. studies, but no 
ethylene complexes have been isolated from the reaction. 129 
Reaction with di-olefins such as 1,3-butadiene or 1,3-pentadiene 
110 
does give yellow products by forming products with olefinic 
bridges (Reaction (63) and Scheme XVIII) 
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PF 
Scheme XVIII 
The yellow liquid complex, [Rh(7-allyl)(PF 3 ) 3 ] can 
130 be made by two routes. 	(Reactions (64) and (650 
lii 
(64) K (Rh (pF 3 ) 4 J + C3H5Br 	
[Rh(-allyl) (PF 3 ) 3 1 
[Rh ('rr-allyl) 3 1 ~ PF 3 
Reaction of [Rh(ir-allyl) (PF 3 ) 3 ] with acids, such as 
HC1 or CF 3CO 2H proceeds with elimination of olefins. 	An 
example is given in reaction (66) 131 
p 
LH 	 RCH HR CH 3 
H 	 Rh(F)3 HCt 
	 ___/ 
-PF 
H 	HH 	H 	(66) 
H 
[Rh(ir-allyl) (PF 3 ) 3 ] reacts with ButBr  giving equimolar 
amounts of propene and 2-methyl--1-propene by a s-hydrogen 
elimination. 131 
As mentioned earlier, bulky phosphines, like PPh 3 , 
cleave the chloride bridges of [RhL 2C1I 2 (L=CO,PF 3 ) giving 
square planar monomers. 	Denise and Panetier 132 have con- 
cluded that the nature of the reaction of Rh(I) and Ir(I) 
halo-bridged diene dimers is dependent upon three factors: 
1) the nature of the phosphine. 	Those phosphines with 
bulky substituents e.g. PPh 3 , PCy 3 (Cy=cyclohexyl) react 
with cleavage of the bridging ligand as shown in reaction (67). 
(Rh (diene)C1] 2 + 2PR 	 2[Rh(diene)C1(PR)] 
	
(67) 
R' = Ph, Cy 
112 
2) The nature of the metal-diene bond. 	An order of 
metal-diene bond stability was proposed; Rh-cod<Rh-nbd< 
Ir-cod. 	Hence, in reaction (67) above, when diene=cod, 
the product formed, [Rh(cod) (PR3 )Cl], involves loss of one 
equivalent of cod from [Rh(cod)Cl] 2 , and 3) The metal 
centre. 	Ir(I) forms stronger bonds to dienes than Rh(I), 
since it is a third row element. 	The result is displace- 
ment of halogen by phosphine to yield ionic species 
(Reaction (68)). 
[Ir (diene)Cl] 2' + PR 	[Ir(diene) (PR 3 ) ] - Cl 	(68) 
The bidentate phosphine, diphos, has a large steric 
requirement. 	It can displace fluorophosphines from rhodium 
dienes such as [Rh(PF 3 ) 2Cl] 2 to afford [Rh(diphos) 2 ]Cl. 133 
(Reaction (69)). 
[RhC1(PF 2NEt 2 ) 2j + diphos 	. [Rh(diphos) 2 ]Cl 	(69) 
This reaction also works for other bidentate phosphine ligands 
such as cis-1,2-bis(diphenylphosphino)ethylene and 
o-phenylenebis (dimethyiphosphine) 134 
For the reaction of complexes [RhL 2C1] 2 (Lr-acceptor 
ligand), it is possible to generalise in the following way:-
small Lewis bases with high 7-acceptor ability e.g. PF 3 , CO, 
C 
2 H 4  substitute the terminal ligands, L, with retention of 
113 
the halide bridges. 	Larger Lewis bases e.g. PPh 3 Me 
(n=0-2) react with bridge cleavage giving cis square planar 
neutral Rh(I) products. 	A good example is given in 
Scheme XIX. 
[Rh(olefin) 2C1J 2 OR [Rh(CO) 2C1] 2 
PF 2NMe 2 
[Rh (PF2NMe2)C11 2 
PPh 3 
cis-[Rh(PF 2NMe 2 ) 2C1(PPh 3 ) I 
PF 2NMe 2 PPh3 
trans- [Rh(PF2NMe2)Cl(PPh3) 2 
Scheme XIX 133  
The cluster compounds, Rh 2Co 2 (CO) 8 (PF 3 ) 4 and Rh4 (CO) 4 -
(PF 3 ) 8 , mentioned in Chapter 1, can be made from 
[Rh(PF 3 ) 2C1] 2 and [Rh(CO) 2Cl] 2 respectively (Reactions (70) 
and (71). 44  
2[Rh(PF 3 ) 2C1] 2 + 3Co 2 (CO) 8 - 	2Rh2CO 2 (CO) 8 (PF 3 ) 4 +2CQC1 2 +8C0 
(70) 
114 
[Rh(CO) 2C1} 2 +2K (Rh (PF3)4] - 	Rh 4  (CO)  4  (PF 3 ) 8 +2KC1 	(71) 
3.3.2 	Ir(I) 
The reactions of [Ir(C.O.D.)C1J 2 with phosphines are 
strongly dependent upon the solvent used for the reaction 
[Ir(C.O.D.)Cl] 2 reacts with an excess of PPh 3 in (800_10o 
b.p.) pet-ether to afford [IrCl(PPh 3 ) 3 ]. 	The process is 
believed to proceed with bridge-cleavage via the species 
[IrCl(PPh 3 ) (C.0.D.)1. 	For AsPh 3 and SbPh 3 , which are poorer 
cr-donors, reaction stops at [IrCl(MPh 3 ) (C.O.D.)] (M=As,Sb). 
[IrCl(PPh3 ) 3 ] reacts with rr-acceptor ligands, L, such as 
PF 3 and Co as shown in reaction (72) •50 
[IrCl(PPh 3 ) 3 J + L 	P,T 	trans-[IrCl(PPh 3 ) 2L] 	(72) 
(L=CO Vaska's Compound) 
[IrCl(PPh 3 ) 3 ] does not react with ethylene under these 
conditions although the rhodium analogue, [RhCl(PPh 3 ) 3 ], 
does react indicating the firmer bonding of PPh 3 to Ir(I). 
In non-polar solvents such. as alkanes or even CH 2C1 2 , 
compounds of the form [Ir(C.O.D.)Cl(PR3 )], react with 
bridge-cleavage (Reaction 
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[Ir(C.o.D.)Cl] 2 + PR 	 [Ir(C.0.D.)Cl(PR3 )] 	(73) 
(R 3 =iPr 3 , Cy3 , MePh 2 ) 
Species of the form [Ir(C.O.D.)Cl(L)J (L=PPh 31 AsPh 3 ) in 
the presence of excess L have been shown, by 'H n.m.r. 
kinetic studies to exchange between -70 ° C and -40 ° C. 	The 
following equilibria were proposed: 136 
[Ir(C.O.D.)Cl(L)J+L[Ir(c.O.D.)Cl(L) 2 ] 	'[Ir(C.O.D.)L 2 ]CJ. 
Five co-ordinate 
This observation of exchanging ligands on Rh-C.O.D. and 
Ir-C.O.D. complexes is borne out by work in this thesis. 
Iridium complexes react faster due to the greater effective 
nuclear charge, attracting nucleophiles and the greater 
tendency to form and stabilise five co-ordinate species. 	In 
acetone or ethanol, cationic complexes are produced from 
[Ir(C.O.D.)clJ 2 and phosphine (Reaction 
[Ir(C.O.D.)C1] 2 + nP 	[Ir(C.O.D.)P] 	 (74) 
(n=2, P=PPh 2 Me, PPh 2Et, PPh 3 
n=3, PP(OMe) 3 , P(OEt) 3 , PMe 2Ph) 
Compounds [Ir(C.O.D.)P 3 ] result if the cone angle of the 
phosphine is less than 130°. 
[Ir(C8H14)C11 2 
PF 3 
[Ir(PF 3 ) 4ciY 
PF 
X 	[Ir(PF 3 ) 2C1] 2 
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[Rh(C 8H 14 ) 2C1] 2 (C 8H 14 =cyclo-octene) reacts with PF 3 
affording [Rh(PF 3 ) 2C1] 2 (Scheme XVI). 	[Ir(C 8H 14 ) 2C11 2 
also reacts with PF 3 but via the five co-ordinate species 
[Ir(PF 3 ) 4C1], shown in Figure 40. 49 
Figure 40 
[Ir(PF 3 ) 2C1] 2 is formed by heating a hexane solution 
of [Ir(PF 3 ) 4 C11. 49 	[Ir(PF 3 ) 2 C1] 2 is a blue, air-sensitive 
and volatile material. ([Rh(PF 3 ) 2ClJ 2 is red). 	Solutions 
of [Ir(PF 3 ) 4C1] in non-polar media such as n-pentane are 
yellow. 	The analogous carbonyl - complex has the stoichio- 
metry, [Ir(CO) 3C1] and is formed from the complex 
[Ir(C8H 14 ) 2C11 2 as shown in reaction (75). 49 
[Ir(C8H 14 ) 2C1] 2 + Co 	 [Ir(CO) 3Cl] 
	
(75) 
[Ir(CO) 2C1] 2 is not produced by reaction (75). 	If PF 3 
is passed into a suspension of [Ir(C 8H 14 ) 2C11 2 and the 
resulting solution is heated with [Ir(C 8H 14 ) 2Cl] 2 , a bright 
yellow microcrystalline product, [IrCl(C 8H 14 )PF 3 J is formed. 49 
This reacts with 2,4-pentanedionatathallium (Tiacac), with 
1 717 
loss of cyclo-octene to afford [Ir(acac) (C 8H 14 )PF 3 I 
The reaction of T1acac and iridium cyclo-octene complexes 
is summarised in Scheme XX. 49 
[Ir(C 8H 14 ) 2  C11 2 
Tiacac 
PF 3 
[Ir(acac) (PF 3 ) 2 ] 
PF 3 
[Ir(C 8H 14 ) 2Cl] 2 
[Ir(C 8H 14 ) 2C1(PF 3 )] 
Ti acac 
[Ir(acac) (C 8H 14 )PF 3 ] 
Scheme XX 
3.3.3 	Reaction of [Rh(C.O.D.)Cl] 2 with Difluorophosphites 
Reaction of [Rh(C.O.D.)C1J 2 with PhOPF 2 
The reaction of [Rh(C.O.D.)C1} 2 with PhOPF 2 , in a 1:2 
ratio, was followed by 31 P and 19 F n.m.r. spectroscopy. 	At 
room temperature, the 31 P{ 1 H} n.m.r. spectrum consisted of 
a very broad triplet (300OHz) indicating that ligand exchange 
was taking place. 	On cooling to 213K, a sharp triplet 
of doublets 	pRh appeared at 108.5 ppm, only 3 ppm 
to low field of unco-ordinated PhOPF2. 11 
PF 
 and pRh were 
1306Hz and 312Hz respectively,, which represents a drop of 
22Hz in 'J PF'  upon co-ordination. 	The rhodium splitting, 
however, confirms the attachment of the phosphorus at this 
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temperature. 	Two smaller sets of resonances, with the 
identical triplet of doublet splitting, were visible at 
118 ppm amd 116 ppm respectively, suggesting the presence 
of two minor species in the reaction tube. 	The 19F'H} 
n.m.r. spectrum consists of a doublet 	of doubletsPF 
(21 FRh at -38.8 ppm. 1i PF and 2j FRh were 1312Hz and 
25.5Hz respectively, which represents an increase of 5.2 
ppm, in oF, upon co-ordination. 	Expansion of the resonances 
shows that two small doublets of doublets are present at 
very similar chemical shift (Figure 41). 	The possible products 
of this reaction are shown in Figure 42. 
C1 	 G1 	PFOPh 2  
Rh 	 Rh 	Rh 
PF OPh 	 Ct P F2 0 Ph 
1 	 2 
[Rh(PF2 OPh) 2 C1] 2 + [Rh(COD)Cl] 2 
+2 COD 




Products 2 and 3 are unlikely since two cis-co-ordinated 
-PF 2 groups on the same rhodium centre would render each 
phosphorus and each set of fluorine atoms magnetically non-
equivalent. 	It is likely that this would lead to second 
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' 9F('H) N.m.r. Spec irum oF [Rh(COD)011 2/PhOPF 2 a'- 213K 
a4 753'-MHz  
Figure 41 
-30 	-35 	-40 	-45 	-50 ppm 
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order n.m.r. spectra, such as the 31 P and 19 F n.m.r. 
spectra of S(PF 2 ) 2 , which are not simple triplets and 
doublets respectively. 	Product 1 is the result of bridge 
cleavage of [Rh(C.O.D.)C1] 2 which usually occurs for bulky 
phosphines (Reaction (67)). 	The product, cis-[Rh(C.O.D.)- 
Cl(PhOPF 2 )] would, however, give the observed splitting 
patterns, and is therefore a feasible product. 	Product 4 
involves dangling C.O.D. ligands whether in a cis (as shown) 
or trans geometry, but also has one co-ordinated -PF 2 group 
consistent with the ri.m.r. spectra. 
3.3.4 Reaction of [Rh(C.O.D.)Cl] 2 with F 2PO(C2H 40)pF2 
(n=2,3) 
The 1:1 reaction of [Rh(C.O.D.)Cl] 2 with the ligands 
F 2PO(C 2H40)pF2 (n=2,3) were followed by 31 P and ' 9 F n.m.r. 
spectroscopy. 	The 31 P{ 1H} spectra at 213K consisted of 
sharp triplets 	of doublets (1i 
PRh 
 and the 19 F{ 1 H}PF 
n.m.r. spectra consisted of. sharp doublets (1J 
PF  of doublets 
(21 
FR - h  '. 	
The n.m.r. parameters are listed in Table 15. 
Table 15: 31 P and 19 F N.m.r. Parameters for the Reaction of 
[Rh(C.O.D.)ClJ 
2 	2 with F PO(C H 0) PF (n=2,3) 2-4—n-2 
Ligand SP/ppm JpF/Hz 'J/Hz 5F/ppm 2JFRhIHZ 
F 2PO(C 2 F1 40) 2PF 2 116.8 1280.3 300.3 -42.4 25.3 
F 2PO(C 2H4 0) 3PF2 113.7 1284.5 298.8 -41.9 25.7 
121 
The presence of first order spectra ruled out the 
possibility of a chelating bidentate difluorophosphine giving 
the two possible products shown in Figure 43. 
.1Z 	
PF2O(C2HO),PF,  
II R/ 	 Rh 'T1 
C1 
	
	 a-"  
1 




Rh 	 Rh Rh 	Rh 	
/ ct 	N / ci \ 
COD 1 COD 	 COD 	(COD 
M 
Figure 43 
Product 1 involves cleavage of the chloride bridges 
of [Rh(C.O.D.)Cl] 2 to give a dimeric product. 	Product 2 
is a polymeric species with dangling C.O.D. ligands which 
is likely to have low solubility. 	The 1H n.m.r. spectra 
at -60 ° C (Figure 44) show remarkably broad signals usually 
indicative of exchanging ligands. 	The signals at 
ppm and 6H=5.5  ppm are for the CH  and =CH resonances of 
C.O.D. respectively. 	The signals at 6H=3.6  ppm correspond 
to glycol CH  resonances. 	Due to the broadness of the 
resonances it is not possible to tell if there is either 
'H N.m.r. Spec irum of' ERK(COD)CI) 2/F 2PO(C 2H 40) 2PF 2 at 213K, 6o . oqff2- 
8 	7 	6 	5 	4 	3 	2 	1 	0ppm 
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co-ordinated C.O.D. or dangling C.O.D. present and thus, 
further studies such as low temperature ' 3C n.m.r. spectro-
scopy are required to fully elucidate the structure. 
3.3.5 Reaction of [Rh(CO)2Cl1 2 with the difluorophosphines 
PhOPF 2 and F 2PO(C 2H 40) 6 PF 2 
The reactions of [Rh(CO) 2Cl] 2 with the difluorophosphines 
PhOPF 2 and F 2PO(C 2H 4 0) 6PF 2 were followed by 31 P and ' 9 F n.m.r. 
spectroscopy. 	At room temperature rapid exchange of ligands 
took place while at 210K a mixture of more than three species, 
all in significant proportions, resulted making any conclusions 
about the reaction impossible. 
3.3.6 Conclusion 
The ability of PF 3 to act as a ir-acceptor ligand was 
postulated from the observation that the Pt-P bond in PtP 2C1 2 
(P=PR3 ) had no dipole moment and was therefore not a simple 
a-donor bond. 	It is assumed that the electro-negative 
fluorine atoms aid n-back bonding into the phosphorus 3d 
orbitals. 	However, it has also been stated that "it should 
be noted that a ir-bond can be formed between the substituent 
atom and the phosphorus atom if the substituent atom has lone 
pair electrons". 76 	The full p-orbitals of fluorine are 
in a position to overlap, in such a way, with the d-orbitals 
of phosphorus. 	This would limit the ability of the 
fluorophosphine to accept metal d electrons and hence favour 
Rh(III) and Ir(III) to Rh(I) and Ir(I). 	We find that Rh(I) 
complexes undergo ligand exchange down to 220K whilst Rh(III) 
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complexes are stable in solution at room temperature. 
If fluorine 2p with phosphorus 3d orbital overlap occurred 
a rr-orbital between P and F would result. 	Metal it-donation 
into this orbital, via M-P 'rr-backbonding, would increase 
the P-F bond order slightly and shorten the P-F bond length. 
We find that aP...F=l.585A  in PhOPF 2 , from electron diffraction 
studies, and aPFl.559  and 1.530 in [RhCp*C1 2 (PhOPF 2 )] 
from an X-ray structure. 
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CHAPTER 4 
The Reaction of Platinum Substrates with Liqands of the 
form F 2  PO(C H 0) PF (n=2-6) 2-4—n----2 
4.1 Reaction of cis-[Pt(PEt 3 )Cl 2 ] 2 with Ligands of the form 
F2 P0(C2-4—n-2  H 0) PF (n=2-6) 
The reactions of the series of polyethylene-ether ligands, 
F 2PO(C2H40)PF2 (n=2-6), with cis-[Pt(PEt 3 )C1 2 ] 2 were 
followed by 31 P and 19 F n.m.r. spectroscopy. 	Reactions were 
carried out in sealed n.m.r. tubes in 1:1 molar ratio and are 





Et 	Cl 	 Cl 
3 
+ F 2PO(C 2H 40)PF 2 
+ 
Cl 	Cl 	 Cl 
NV 
Cl 
Pt 	 Pt 
Et 3P7 
N 
PF 2O (C 2H 40) PF 	 PEt n 2 3 
Scheme XXI 
The 31 P{ 1H} n.m.r. spectra for the series n=2-6 were 
essentially identical, consisting of two distinct groups of 
phosphorus resonances (Figure 45). 	The triethyl phosphines 
gave a doublet ( 2J,) at ca 20 ppm with doublet platinum 
satellites. 	The second group of resonances, for the 
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fluorophosphine, P', consisted of a triplet 	p'F of 
doublets ( 2J,) at ca 75 ppm with platinum satellites 
having the same splitting pattern. 	Retention of proton. 
coupling broadens the P resonance and, in some cases, shows 
the triplet coupling (3j P'H on the P' signals. 	This 
splitting, ca 11Hz, is approximately double those in unco- 
ordinated ligands. 	The 19F n.m.r. spectra (Figure 46) 
are doublets 	p'F at ca -40 ppm, with platinum satellites. 
Resolution of 	(ca 0.7Hz) is possible in some cases. 
N.m.r. parameters are listed in Table 16. 	The presence of 
platinum satellites in both 31 P and ' 9F n.m.r. spectra and 
reduction of ca 35 ppm and ca 73Hz in S P , and 1JPF  respec-
tively, compared to free ligand(cS, 112 ppm, JPIF  1295Hz) 
show that co-ordination has occurred. 	The fluorine chemical 
shift, SF, has increased from ca -48 ppm (unco-ordinated 
ligand) to ca -40 ppm in the co-ordinated state, which is 
further confirmation. 	This change in SF, ca +8 ppm, is also 
observed when -PF 2 moieties co-ordinate to Rh(III) and Ir(III) 
(Chapter 3). 	21 PP , has a value of ca 20Hz, which is con- 
sistent with a cis bis-phosphine geometry about a square planar 
Pt(II) centre. 	 for trans platinum bis-phosphine 
137 complexes is typically 200Hz. 	The value of 1J PtP  (ca 
3000Hz) is typical of a Pt(II) centre with phosphine trans 
to halide whereas phosphine trans to phosphine, on Pt(II), 
gives rise to a 1 J 	 value of ca 2,100 to 2,400Hz, 137PtP 
(e.g. cis-[Pt(PEt3)2C12] 1Jptp=3505HZ,  trans-[Pt(PEt3)2C12] 
lJptp2437 	The appearance of only one P and one Pt 
resonances indicates that each end of the bidentate ligand 
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Table 16: N.m.r. Parameters of Complexes 
[(Pt (PEt 3 )C1 2 1 2F 2P '0 (C 2H40)P'F 2 ] 
n 2 3 4 5 6 
P/ppm 21.0 20.5 20.6 20.6 20.5 
ÔP'/ppm 75.4 74.3 74.9 75.1 74.4 
oF/ppm -40.4 -402 -40.0 -38.9 -41.0 
JPIF/Hz 1217 1218 1218 1218 1217 
6847 6875 6840 6828 6858 
1Jptp/Hz  3045 3018 3034 3036 3024 
2 1 /E1Z 22.2 19.5 22.3 22.7 22.5 
2PtF. 735 728 730 730 725 
3JPF/Hz 0.77 N.R. N.R. N.R. 0.70 
/Hz 
 N.R. N.R. N.R. N.R. 11.2 
N.R. - Not resolved 
All solutions run as CDC1 3 or CD 2 C1 2 solutions at room 
temperature. 






125 	 100 	 75 	 50 	 25 	 0 ppm 
 




-LX) 	 -!11 	 -Ffl 	 nnm 
 
130 
is chemically equivalent and no geometrical isomers are 
present. 	The platinum coupling constants to the fluoro- 
phosphine are very large, 1i6800Hz and 2j
PtF  730Hz. . PtPI
Some examples of square planar Pt(II) species and their 
platinum coupling constants are given in Scheme XXII. 138 
COMPOUND 	 S/ppm 'Jpp ,/Hz 	 /Hz 	X 
PEt3 	PEt3 
X—Pt—P'F 2—Pt—X 	207 	4,500 	550 	C1,Br,I 
PEt 3 	Cl 
PEt3 
X—Pt—PF2H 	 104 	5,900 	500 	Cl,Br 
PEt 
PEt3 
X—Pt—PF2S 	 135 	5,100 	760 	C1,Br,I 
PEt3 
Scheme XXII 
Postulating a mechanism for the reaction is difficult 
since the chloride bridge trans to the' triethyl phosphine 
in [Pt(PEt 3 )C1 2 1 2 could be expected to be more labile to 
13 1 
ligand attack than the chloride bridge trans to terminal 
chloride, due to the trans effect of that phosphine. 
However, the n.rn.r. data suggest that the difluorophosphine 
co-ordinates in a cis manner. 	This suggests either attack 
at the chloride cis to the triethyl phosphine or at the 
trans chloride with a subsequent rearrangement process. No 
low temperature studies were carried out to verify the 
presence of initial trans bis-phosphine species. 
4.2 Reaction of cis-[Pt(PEt 3 ) 2X 2 ] with Ligands of the 
form F 2PO(C 2H 40) PF 2 (n=2,3; X=Cl,Br) 
The reactions of F 2PO(C 2H 40) PF 2 (n=2,3) with cis-
[Pt(PEt 3 ) 2X 2 1 were followed by 31 P and 19 F n.m.r. spectro-
scopy. 	Reactions were carried out in sealed n.m.r. tubes 
in 1:1 molar ratio in the hope that the bidentate fluoro-
phosphine would chelate by halide substitution (Reaction (76) 
below). 
Et 3P 	 Et P 	PF a 	12+ 3\/ 
Pt 	+ F2PO(C 2H 0) PF 	 Pt (C H 0) 	(76) 
/\ 	
4n 2 /\/fl 
Et 3 P 	X Et3P 	PF2 
X=Br 
X=Cl 
The 31 P{ 1 H} n.m.r. spectra (Figure 47) for these two 
reactions are consistent with two distinct phosphorus 
environments, P and P'. 	The P resonance (PEt 3 ) at 20 ppm 
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consists of a doublet ( 2 J,) of triplets 3PF  with 
platinum satellites of the same splitting pattern. The 
P' resonances, at ca 40 ppm, consists of a triplet ('J PIF 
of triplets (2J) with platinum satellites. 	N.m.r. PPI 
parameters are listed in Table 17. The remaining six lines 
consist of two singlets, each with two platinum satellites, 
whose chemical shifts and coupling constants confirm the 
presence of cis and trans isomers of the starting platinum 
complex. 	Retention of proton coupling increases the 
sharpness and intensity of the P' resonances while the P 
signals and those for starting materials broaden considerably 
from coupling to the ethyl protons. 3P'H  is not resolved. 
The 197 n.rn.r. spectra show a doublet (1JPtF)  of triplets 
(31 PF at -14 ppm with platinum satellites (Figure 48). 
The satellite splitting and changes in 6 ' 6F and  1JPIF 
are consistent with co-ordination of the difluorophosphine 
to the platinum centre. 	With respect to the unco-ordinated 
state, 6 decreases by Ca 70 ppm to 40 ppm, 
'5F  increases from 
-48 to -14 ppm and 	P'F drops from ca 1295Hz to 1180Hz when 
co-ordinated to Pt(II). 	 is again large, ca 6100Hz 
and 2 JPP , (ca 27Hz) indicates cis P and P' phosphines. 
ij 	(ca 2270Hz) is typical of trans triethyl phosphines on 
Pt(II). 2j PtF is very large at ca 1000Hz. 	Compounds with 
P' cis to two PEt 3 ligands have been reported with 2j 
PtF 
ca 760Hz (4.1 Scheme XXII) while we find 2j PtF = 730Hz when 
the -P'F 2 moiety is cis to chloride and PEt 3 (4.1). 2j  PtF 
is a good diagnostic parameter for this type of compound 
and a value of 1000Hz is consistent with the product shown 
in Scheme XXIII. 
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Table 17: 	N.m.r. Parameters of Complexes 
[(Pt (Pt3 ) 2X) 2F 2P '0 (C 2H40)P'F 2 ] 2 
n=2,X=Br n=3,X=Cl 
SP/ppm 19.9 20.4 
SP'/ppm 39.6 39.4 
5F/ppm -13.3 -14.1 
1i 
PIF /Hz 1181 1169 
1i 
PtP "'111Z 6108 6123 
PtP/Hz  2275 2266 
2J,/Hz 27.2 29.3 
2JptF /Hz 1018 1010 
3JPF/Hz 7.1 7.3 
All spectra •run as CDC1 3 or CD 2C1 2 solutions at room 
temperature. 
31p( 'H) N.m.r. Spec lrum oF 
Figure 47 	 P 
60 	 40 	 20 	 0 	 -20 	 ppm 
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Et 3 P 	X 	
Et3 P 	PF O(\\ 2 C2 H40) n F 2 P\\ /, PEt 12+ \/ 
Pt 	+ F2 PO(C 2 H4O)PF2 	Pt 	 Pt 
	
/\ 	 /\ 
Et3 P - 	X X 	PEtE 	PEt3 	X 
Scheme XXIII 
We propose that the product of reaction is thus bridging 
and not chelating to be consistent with the n.m.r. data. 	The 
presence of cis and trans isomers of [Pt(PEt 3 ) 2X2 1 indicates 
that rearrangement of triethyl phosphine ligands from cis to 
trans must take place when cis-[Pt(PEt 3 ) 2X 2 ] reacts. 	Only 
one product appears to form and it has trans triethyl phosphine 
ligands. 	It is interesting to note that varying the halide, 
X, has little effect upon the chemical shifts and coupling 
constants. 	No attempts were made to isolate these species. 
4.3 Reaction of [NMe 4 ] [PtC1 3 (PEt 3 )J with Ligands of the form 
F 2PO(C H 0) PF (n=4,5) - 	2-4—n---2 
The reactions of F 2PO(C 2H 40) PF2 (n=4,5) with 
[NMe 4 ].[PtC1 3 (PEt 3 )] were followed by 31 P and 19 F n.m.r. 
spectroscopy. 	Reactions were carried out in sealed n.m.r. 
tubes in 1:1 molar ratio. 	The proposed reaction is given 
below in Scheme XXIV. 
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2(NMe 4 1 	Cl 	PEt1 
Pt 	+FPO(CHO) PF 2 	24 n 2 
/\ 
Cl 	Cl 
Cl 	PEt 	EtP 	Cl 3 \7 
/t 	 ,Pt 
Cl 	PF2O(C 2H 40)PF 2 	Cl 
OR 
Cl 	PEt Et P 3\/ Cl 
Pt 	 Pt 
Cl 	PFO(CHO) PF 2 	24 n 2 
Scheme XXIV 
The 31 P{ 1 H} n.m.r. spectra of these reactions consist 
of a doublet ( 2 J 1 ) of triplets 3PF  at ca 23 ppm, with 
platinum satellites, for the P resonance. Also, a triplet 
of triplets ( 2 J 1 ) at ca 40 ppm, with platinum 
satellites for the P' resonance. 	The n.m.r. parameters are 
listed in Table 18. 	These splitting patterns are consistent 
with a trans-PtP 2P'F 2 spinning system, not the predicted 
PtPP'F 2 system. 	The 19 F n.m.r. spectra consist of a doublet 
of triplets 3'PF  at -13 ppm with platinum satellites. 
The spectra and n.m.r. parameters for the products of the 
reaction of the polyether ligands, F 2 	2 4 n 2 PO(C H 0) PF (n4,5) 
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Table 18: 	N.m.r. Parameters of Complexes 
[(Pt (PEt 3 ) 2C1) 2F 2 P0 (C 2 H 40) PF 2 ] 2  * 
n 4 5 
cSP/ppm 22.7 22.7 
6P'/ppm 37.0 40.2 
SF/ppm -13.3 -13.4 
1JPIF/Hz 1169 1169 
1jPtP,z 6366 6119 
1ptp1'1 2292 2274 
2 J 1 /Hz 28.8 28.8 
3JPF/Hz 7.0 6.4 
2JPtF/Hz 1020 1017 
Solutions run as CD 2C1 2 solutions at room temperature 
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with [PtC1 3 (PEt 3 )] ion are essentially identical to those 
of Scheme XIII (4.2) between F 2PO(C2H 4O) PF 2 (n=2,3) and 
cis- [Pt(PEt 3 ) 2X 2 }. 	They are thus consistent with a 
binuclear bridged di-platinum species with mutually trans 
triethyl phosphine ligands and trans P' and halide groups. 
The reactions outlined in Section 4.2 however, take place 
more cleanly. 	Here, there is evidence of PF 3 and some 
minor platinum containing species e.g. [PtCl(PEt 3 ) 3 ] 
Pa= 39 ppm, 6Pb=52  ppm'37 from the disproportionation of 
[PtC1 3 (PEt3 )]. 	The low intensity of the P' resonances is 
due to the slow relaxation of the fluorophosphine phosphorus. 
Co-ordination of the ligand is indicated by the changes in 
P11 'F and 	P'F (given in Section 4.2) and the splitting 
patterns in the n.m.r. spectra. 	Evidence that halide 
displacement has occurred is seen when the frozen tubes are 
warmed to room temperature. 	NMe4C1 is seen to precipitate 
in the pale yellow chloroform solutions. 	The proposed 
3 1 	 19 
product is given below and the P and F n.m.r. spectra 
are shown in Figure 49. 
	
Et P 	F P'O(C 2H40) PF 2 	PEt 
\Pt 	
fl 
 N / 	
12 
Pt 
Z \ / 'I~ 
Cl 	 PEt 	 Et3P 	Cl 
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Figure 49 
3 P('H) N.m.r. Spect- r-um oF [Nr1e,J(P'CI 3 tPEt 3 ) I/F 2pO(C 2j-1O) 1PF 2 , 0'02W(l 
60 	40 	20 	0 	-20 ppm 
19F N.m.r. Spec rrum oF (Nr1e 4 1tPCI 3 (PE 3 )]/F2POC 2H 4OF2 , 	 3 11 
0 	 -20 	 -10 	 -60 	 DO M 
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4.4 Conclusion 
PtC1 2 reacts with PEt3 139  or PF 3 63 to afford cis 
bis-phosphine platinum complexes. 	The reaction of PtCl 2 
with bidentate difluorophosphites was monitored by 31 P 
n.m.r. spectroscopy but no analogous chelating Pt(II) 
species could be identified, the reaction giving a large 
number of species which were not identified. 	Difluoro- 
phosphites react with Pt(II) complexes by either halide 
bridge cleavage, to give cis platinum bis phosphine com-
plexes (4.1), or by halide substitution in monomeric platinum 
complexes, to give binuclear bridged products in both cases. 
Reaction of bidentate fluorophosphites with Pt(IV) species 
e.g. trans-[PtBr 4 (PEt 3 ) 2 ] does not take place. 
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CHAPTER 5 
5.1 Appendix I. 
Attempted Co-ordination of Metal Cations to 
Polyether Oxygen Atoms 
5.1.1 
The prime difference between bidentate ligands whose 
two co-ordinating sites are separated by a simple carbon 
chain and those described in this thesis, is that the ether 
oxygen atoms are potentially able to co-ordinate metal 
cations. 140 Compounds which can distinguish between metal 
ions such as Na+  and  K+  can be used as specific chemical 
sensors. 141 	Some examples of metal complexes with chelating 
or bridging polyethers suitable for complexation are given 
in Chapter 2. 
5.'1.2 
Several metal cations of various ionic radius and charge 
were mixed with free ligands, F 2PO(C 2H4O)PF 2 (n=3-6). 	It 
was essential that all solvents and reactants were scrupulously 
dry, particularly the metal salt used, since water molecules 
compete with the polyether oxygen atoms for the metallic 
hydration sphere. The ions used are listed in Table 19. 
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Table 19: 
ION SALT IONIC RADIUS/pm SOLVENT n 
Na NaBPh4 102 CDC1 3 4 
KS 2P(OEt) 2 138 (CD 3 ) 2C0 5 
Mg 2+  Mg(AcO) 2 72 CDC1 3 3 
Hg 2+  Hg1 2 102 (CD 3 ) 2C0 4,5 
Pb 2 Pb(AcO) 2 119 CDC1 3 5 
n = n o of ethylene units per ligand. 
It was decided that the best way to monitor interactions 
between polyether oxygen atoms and metal cations was by changes 
in the chemical shift of neighbouring nuclei in the n.m.r. 
spectra. The phosphorus atoms are too far away from the 
oxygen atoms, and the 31 P n.m.r. spectra of free ligands and 
ligands in the presence of cation were essentially identical 
in all respects. 	This was also found for the 1H n.m.r. 
spectra and so 13 C n.m.r. spectroscopy was chosen since the 
carbon atoms are the nearest neighbours to the oxygen donor 
atoms. 	13 C{'H} or 13C DEPT n.m.r. experiments were carried 
out for each reaction. 
The 13 C n.m.r. spectra of free F 2PO(C2H40) PF 2 (n = 3,4, 
5) are shown in Figure 50. 	The common features are a triplet 
FCa of doublets 	at lower frequency, a doubletPCa 
31 PCb and a series of singlets, 1,2 or 3 singlet for n = 
3,4,5 respectively, all at ca.70 ppm. 	The n.m.r. parameters 
are listed in Table 20. 
Ui 
' 3CC'H) N.m.r. Spectrum of' F 2PO(C 2H 4OPF 2 t SCI 3z"ffi'z..' 
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Table 20: 13 C N.m.r. Parameters for Ligands 
2 P° (C 2H 4O)PF 2 (n=3,4,5) 
/Hz  2 PCa /Hz  3 PCb /Hz  
3 	 9.0 2.5 1.5 
4 	 8.6 1.6 2.8 
5 	 8.7 1.4 3.3 
'.' 	6 Ca /'m óCb/Ppm 6 /ppm 6 Cd/PPm 	6Ce pm 
3 	62.1 70.0 70.5 - 	 - 
4 	62.9 70.2 70.8 70.9 	- 
5 	62.9 67.3 70.7 70.8 	70.9 
n = n o  ethylene units per ligand 
In each case the triplet of doublets at ca.63 ppm is 
due to the terminal carbon atom, Ca, which couples more 
strongly to fluorine than phosphorus despite the extra bond 
between the nuclei. 	This phenomenon is not unheard of. 142  
The doublet resonance at ca 69 ppm is due to carbon atom, 
Cb exhibiting coupling to phosphorus only. 	The remaining 
singlets, at ca 70.5 ppm, arise from the remaining carbon 
atoms in each chain. 	As n increases from 3 to 5, the number 
of carbon environments increases by one, since each molecule 
has a mirror plane of symmetry, resulting in another resonance. 
Due to their chemical similarity these singlet resonances 
occur within 0.4 ppm of each other. 
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The 13 C{'H} and ' 3 C DEPT n.m.r. spectra of the mixtures 
listed in Table 19 showed very small changes in the chemical 
shift of carbon atoms adjacent to oxygen atoms. With 
respect to free ligand, 6 Ca 	Ce to 6 	
varied from only 0.4 ppm 
to 1.5 ppm over the whole series. 	Figure 51 shows that the 
130 n.m.r. spectra of F 2PO(C 2H 4 0) 4 PF 2 and F 2 POW 2H 4 0) 4 PF 2 /NaBPh 4 
are identical. 	In no case was any discernable change 
evident in the n.m.r. spectra, upon which confirmation of an 
interaction could be made. 	In conclusion, interaction between 
open chain polyethers and metal cations is not conclusively 
proved by n.m.r. studies. 
5.2 Appendix II 
Attempted Reaction of Difluorophosphites with 
Ruthenium Substrates 
5.2.1 
Following the reported reaction of ruthenium sub-
strates having four nitrogen donors in their co-ordination 
145144, 
spheres, with alkyl phosphines, 143, 
	reactions between 
difluorophosphites, ROPF 2 and RSPF 2 were attempted with the 
following complexes. 
rfl  
cis- [Ru (bipy) 2X 2 1 
XCl, thf, bipy = 2,2'-bipyridine 	
CN 
0 
Cl 	 C 
[Ru(porp)CO(EtOH)] 
porp = 1 ,2,3,4,5,6,7,8-octaethylporphyrin dianion 
OR meso-tetraphenylporphyrin dianion 
in the oresence of' NaBPh (below)al- 5b3 41' 
71 	70 	69 	Be 	67 	66 	65 	64 	63 ppm 
71 	70 	69 	66 	67 	66 	65 	64 	63 	62 ppm 
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' 3C('H) N.rn.r. Specirna oF Free F 2PO(C 2H 40) 4PF2 (above) 
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pcym = p-MeC 6H4CH(Me) 2 
These substrates react with alkyl phosphines as shown 
in reactions (77) , (78) and (79) 143-148 
PR 
AgC10 	cis-[Ru(bipy) 2C1(Me 2CO)J 	> cis- [RU (bipy) 2C1(PR3 )1C104 _ 
CS_(RU (b1PY ) 2c1 2 )___ Me 2 0 
2AgC 10M2O 
2+ 	2PR (Ru(bipy) 2 (Me 2 CO) 2 1 > cis - [Ru(bipy) 2 (PR 3)21(C104)2 
PR 	 PR 
(Ru(porp)CO(EtOH) 	, (Ru(porp)CO (PR 3)) 	, LRu(porp)(PR 3 ) 2 1 	 (78) 
2 PR3 
[Ru(pcyrn)C1 2 1 2 	) 2[Ru(pcym)C12(PR3)J 	(79) 
5.2.2 Reaction of[Ru(bipy) 2 (thf) 2 ] 2  with Phosphines 
Any reaction medium that contains a fluorophosphine 
must be scrupulously dry or hydrolysis will ruin the ligand's 
potential as a donor. 	Reaction (77) above must be carried 
out in thf, for fluorophosphines, since it can be dried 
properly by distilling from sodium/benzophenone, whereas 
acetone is difficult to dry. 
Firstly, Reaction (77) was repeated using PPh 2Me since 
the existence of a ruthenium-phosphine product would confirm 
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that thf had co-ordinated. 	([Ru(bipy) 2C1 2 ] does not react 
with phosphine in low co-ordinating solvents). 	The purple 
solution of [Ru(bipy) 2Cl 2 ] is observed to turn instantly red 
in thf/AgClO4 and AgC1 precipitates from solution. Addition 
of phosphine turns the solution orange and filtration affords 
an orange product which was isolated and recrystallised from 
CH 2C1 2 /thf. Elemental analysis confirmed that the product 
had the formulation, [Ru(bipy) 2 (PPh 2 Me) 2 ] (C104 ) 2 .2C 4H 80. 	The 
n.m.r. spectrum was equivalent to that published for the 
product made by the acetone route. 143 	The 31 P n.m.r. spectrum 
showed a singlet which, however, does not distinguish between 
cis and trans isomers. 	The UV/visible spectrum, in aceto- 
nitrile, exhibited bands at ca 10 nm to high wavelength from 
the published values for the cis species. 	Crystals were 
grown to confirm the expected cis geometry. 
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5.2.3 The Single Crystal X-Ray Structure of 
transfRu(bipy) 2  (PPh 2Me) 2 ] (C10 4 ) 2 .2C 4 H 8 0 
Crystal Data 
C 46 H 42N 4 P 2 Ru 2 .2C1O 4 .2C 4 Ii 8O, M=1156.9, Monoclinic, 
spacegroup P2 1 /c, a=11.387(3), b=10.940(5), c21.633(6)A, 
=105.503(10), V=2597A 3 , Dc 1.479 gcm 3 , Z=2 (implying 
that each molecule sits on a two-fold special position), 
F(000)=1196, 4(M-K)=0.520 nun 1 , X(M0K)=O.71073A, 
T=293K. 	At convergence R=0.0379 for 3535 unique observed 
reflections. 	Selected bond lengths and angles are given 
in Table 21 and a view is shown in Figure 52. 
- The structure shows, unexpectedly, trans geometry of 
the phosphine ligands in the octahedral geometry around 
ruthenium. 	The Ru-P distance is 2.402A which is typical 
of such compounds. 	([Ru(pcym)C 1 2 (PPh 2Me)], Ru-P=2.341A, 149 
[RuCpC1 2 (PPh 3 ) 2 ], Ru-P=2.336A 150) 	The hinge angle 
between the planes of the two pyridine sub-units in each bipy 
ligand is 158.7 0 , indicating non-planarity of the bipy ligands. 
Of the two possibilities for trans non planar bipy ligands 
the bowed confirmation is found (see Figure 53). 	This 
minimises the steric interaction of ct-H atoms on opposite 
bipy ligands, whose Van der Waals radii are constrained to 
overlap in such a geometry (Figure 54). 	The Ru-N distances 
are 2.090 and 2.096A respectively. 	The bulky nature of the 
phosphine forces the trans geometry rather than the expected 
cis geometry. 
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Table 21: Selected Bond Lengths and Angles (with e.s.d.'s) 
[Ru(bipy) 2 (PPh 2Me) 2 ] (C104 ) 2 .2C 4 H80 
Bond Lengths (A) 
Ru - N(1) 2.090(3) 
Ru - N(1') 2.096(3) 
Ru - p 2.4023(9) 
N(1) - C(2) 1.361 (4) 
N(1) - 	C(6) 1.347(5) 
C(2) - 	C(2') 1.462(5) 
P(1) -C(11) 1.842(3) 
P(1) - 	C(21) 1.8259(24) 
P(1) -C(1M) 1.823(4) 
Bond Angles (°) 
N(1) - Ru - N(1') 76.74(10) 
N(1) - Ru - P(1) 88.50(8) 
N(1') - Ru - P(1) 90.32(7) 
Ru - N(1) 	- C(6) 127.42(23) 
Ru - P(1) 	- C(11) 120.06(9) 
Ru - P(1) 	- C(21) 113.12(8) 
Ru - P(1) 	- C(1M) 112.01(13) 
C(11) -P(1) -C(21) 104.28(11) 
C(11) - 	P(1) - C(1M) 100.73(15) 
C(21) - 	P(1) - C(1M) 104.96(15) 









5.2.4 Reaction of Ruthenium Substrates with Difluoro-
phosphites 
Following this successful co-ordination of phosphine 
to [Ru(bipy) 2  (thf) 	several difluorophosphites were 
reacted with the aforementioned ruthenium substrates 
(5.2.1). 	The following ligands were reacted in situ.: 
PhOPF 2 , MeOPF2 , rn-C 6 H4 (OPF 2 ) 2 , C 10 H6 (OPF 2 ) 2 , EtSPF 2 . 
The 31 n.m.r. spectra indicated that all the ligand 
present was unco-ordinated since there was no change in 
chemical shift nor coupling constant. 	Notably, no change 
in SF took place. 	It has been observed that while 6 and 
PF do not vary upon co-ordination, 6  increases from -48 
to -33 ppm on co-ordination to Ru(II) centres. 	The 
UV/visible spectra of solutions of [Ru(bipy) 2C1 2 1 
[Ru(bipy) 2 (thf) 2 ] 2 and (Ru(porp)CO(EtOH)] in the presence 
of these ligands were completely unchanged from those of 
subs -Erates alone. 	Finally, recovery of solids from the 
- n.m.r. -tubes confirmed the starting substrates were unaltered. 
5.2.5 Reaction of [Ru(p-cym)C1 2 ] 2 with PhOPF 2 
The reaction of [Ru(p-cym)Cl 2 ] 2 (p-cym=p-MeC6H4CH(Me 2)
with PhOPF 2 was followed by 31 P and 19 F n.m.r. spectroscopy. 
The 31 P n.m.r. spectrum showed very little change in 
compared to the value for free PhOPF 2 . 	The spectrum con- 
sists of a triplet at 111 ppm, 1JPF=1314Hz (cf PhOPF 2 , 
o p = llO ppm, 1JPF=1326Hz) . 	The 19 F n.m.r. spectrum consists 
of a doublet ('JPF= 1314Hz) at -34 ppm (cf PhOPF2, 0F 
ppm). 	This increase in 6 F  (10 ppm) is confirmation that 
156 
PhOPF 2 has co-ordinated to the Ru(II) centre. 	Co- 
ordination of F 2PO(CH 2 ) 4 0PF 2 to [Ru(p-cym)C1 2 ] 2 has been 
deduced from similar evidence (oF  increases from -48.6 to 
-33.6 ppm) 15 and then subsequently verified by an X-ray-
crystal structure. 15 The proposed reaction is given by 
reaction (80). 
[Ru (p-cym) Cl2] 2 + 2PhOPF 2 	2[Ru(p-cym) Cl 2 (PhOPF 2 )j (80) 
We propose that the reaction proceeds via cleavage of 
the halogen bridges by phosphine in the same way that 
phosphines react with [RhCp*Cl2]2 (Chapter 3) and 
[Ru(C6H6)Cl2] 2 146,147  
5.3 Appendix III 
The Single Crystal X-Ray. Structure of 
[(PEt 3 ) ClPt (l.L-Cl) 2 PtC1 (PEt 3 )] 
The 31 P n.m.r. spectrum indicated that reaction (81) 
below had given the proposed product (Chapter 4). 
[Pt 	 2 1 2  2 +F 2POW H40) 2PF 2- (Pt (PEt3 ) c1 2 ). 2F 2POW H40) 2'21 
(81) 
The product was isolated by diethyl ether precipitation 
as a yellow solid and crystals were grown from CH 2C1 2 /Et 20 
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and submitted for an X-ray analysis. 
After unsuccessful attempts to refine the structure 
of [(Pt(PEt 3 )C1 2 ).F 2 PO(C 2H40) 2PF 2 ], it was discovered that 
isolation had removed the difluorophosphine. 	I.R. spectro- 
scopy of the yellow solid had been inconclusive in verifying 
the presence of an -OPF 2 moiety. 	The crystals were in fact 
[Pt(PEt3 )C1 2 1 2 . 	The structure of this compound had not 
been published previously and was therefore refined. 
Crystal Data 
C 12H30C1 4 P 2Pt 2 , M=768, Monoclinic, space group P21/n, 
a=15.2923(12), b=12.1981(12), c=12.9280(20)A, 	=113.226(6)°, 
V=2216.11A3 , D=2.302 gcm 3 , Z=4, F(000)=715.82, 	=66.54 
cm 1 , X(Mo-K)=O.71O37A,wa 2 (F)+O.005O85(F) 2 . 	At con- 
vergence, R=0.0312, R=O.O432  for 1278 unique observed 
reflections. 	Selected bond lengths and angles are given in 
Table 22 and a perspective view is shown in Figure 55. 
The structure shows two bridging chloride ligands 
between two square planar Pt(II) centres. 	The terminal 
chloride ligands are found to be trans across the dimer. 
The Pt 2C1 2 fragment, of the molecule, has been refined as 
planar. 	The Pt-P distance is found to be 2.214A while the 
Pt-Cl distances are 2.318A, for the bridging chloride, and 
2.286A for the terminal chloride. 	The X-ray crystallographic 
structure of the related compound [Pt(PPr 3 )C1 2 ] 2 has been 
published and shows a Pt-P distance of 2.230A. 	Here also 
the bridging Pt-Cl distance, 2.315A, was found to be longer 
than the terminal Pt-Cl distance, 2.279A. 	The angles 
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Table 22: Selected Bond Lengths and Angles (with 
e.s.d.'s) for [Pt(PEt 3 )Cl 2 ] 2 
Bond Lengths (A) 
Pt(1) -P(1) 2.214(3) 
Pt(1) -Cl(1) 2.318(3) 
Pt(1) -Cl(2) 2.286(3) 
P(1) - CiA 1.822(10) 
CiA - C2A 1.529(16) 
Bond Angles (°) 
P(1) - Pt(i) - Cl(1) 95.95(10) 
P(1) - Pt(1) - C1(2) 89.37(10) 
Cl(1) - 	 Pt(1) - C1(2) 174.64(10) 
Pt(1) - 	 P(i) - CiA 112.4(3) 
CiA - P(i) 	- C1B 107.9(5) 
P(1) - CiA - C2A 115.4(8) 
Figure 55 	THE X-RAY STRUCTURE OF [Pt(PEt3 )C12]2 
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P-Pt-Cl(1) and P-Pt-Cl(2) for [Pt(PEt 3 ) 2C1] 2 were found 
to be 95.95 0 and 89.37° respectively and the angle 
Cl(1)-Pt-C1(2) was 174.64 ° . 	The corresponding angles 
for [Pt(PPr 3 )C1 2 ] 2 were 96.5 ° , 88.4 0 and 175.1 0 respec- 
tively. 151 
Conclusion 
The initial objective of the work in this thesis was to 
prepare difluorophosphite compounds and investigate their 
potential reaction with ruthenium and then subsequently with the 
platinum metals. The studies carried out indicate that 
difluorophosphites react with binuclear chloro-bridged platinum 
metal substrates in the.same manner as alkyl phosphines and 
phosphites. i.e., by bridge cleavage with addition of phosphite. 
Complete series of compounds t(MCp*C12)2F2P0(C2H40) nPF2J (n16, 
M=Rh,Ir) have been prepared giving rhodium and iridium cyclo-
pentadienyl difluorophosphite compounds. Platinum triethyL 
phosphine species [(Pt(PEt3)Cl2)2F2P'O(C2H40)P'F2J (n=2-6) and 
trans_[(Pt(PEt3)2x)2F2p'O(C2H4O)p'F2J2+ (n=2,3) have also been 
prepared. 
For more rigid monodentate ligands e.g., PhOPF2 the rhodium 
and iridium pentamethylcyclopentadienyl complexes have good 
solubility properties and X-ray crystallography should prove to 
be a useful method of structure determination; in this study the 
structure of [RhC*C12(PhOPF2)J has been determined. The 
presence of the -PF2 is a very useful handle for structure 
determination as it has characterised infra-red stretching and 
n.m.r. signals. Reaction by simple halide substitution does not 
seem to be as facile for ROPF2 compounds as for PR3 or P(OR)3 
complexes. 
The 13 C n.m.r.studies on the interactions of anhydrous 
cations with long chain polyether species proved to be 
inconclusive. 13 C n.ro.r.spectroscopy was found not to he a 
sensitive enough technique and, due to the reactive nature of the 
ligands, the proven technique of studying these interactions, 
electrochemistry, would have been difficult 'to use. Fluoro-
phosphinated poyols are difficult compounds to handle and future 
research into this area would require more sophisticated 
experimental techniques. One example would be sodium n.m.r. in 
the study of Na with polyether molecule. 
In conclusion, fluorophosphines behave in many ways as alkyl 
phosphines and as .alkyl phosphine chemistry is a very extensive 




6.1 Experimental Techniques 	 - 
All gaseous reagents were handled using conventional 
pyrex-glass tubing with ground glass joints and high vacuum 
taps at appropriate positions in the vacuum line. Apiezon 
N and L greases were used on joints and taps respectively. 
A vacuum of approximately 10- 6 torr was maintained by a 
glass mercury diffusion pump with oil rotary pump as back-
up. 	The line was calibrated for volume using a molecular 
weight bulb and pressures subsequently measured by a glass 
spiral gauge with spot-light mirror as a null zero device. 
Volatile compounds were separated by standard fractionation 
techniques through slush baths at standard temperatures. 
All involatile substrates were prepared by published 
syntheses and were handled and stored under dry nitrogen, 
The nitrogen source was dried and deoxygenated by passing 
through columns containing P 
2 0 5  and BASF catalyst, R3-11, 
respectively. N.m.r. tubes were attached to the vacuum 
line by BlO ground glass cones, and were sealed with a hot 
flame when filled. 
6.2  Instrumentation 
Infra-red spectra were recorded on a Perkin Elmer 598 
spectrophotometer using gas I.R. cells fitted with KBr 
windows or as films on CsI plates. Solids were run as KBr 
discs.. All spectra were recorded in the range 4000-200 cm1 
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Nuclear magnetic resonance spectra were recorded on various 
spectrometers; Brfiker WP200SY (for 31 P, 'H and 13 C spectra), 
Br3.ker WH360 (for 'H, 'H{ 31 P} spectra), Jeol FX60Q (for 
31 P spectra) and a Brüker WP80SY (for 19 F and 'H spectra). 
Deu-terated n.m.r. solvents were dried over type 3A molecular 
sieve and distilled from ampoules as required. 	Ultra- 
violet/visible spectra were recorded on a Pye Unicam SP8-400 
UV/vis spectrophotometer as solutions in 1cm matched quartz 
cells. 
6.3 Preparation of Reagents 
Starting materials for the preparation of difluoro-
phosphines were prepared as shown in Table 23. 	Purity was 
confirmed by I.R. and/or n.m.r. spectrometry. 
6.4 Preparation of Metal Substrates 
Transition metal substrates were prepared as outlined 
in Table 24. 	Platinum substrates [Pt 2C1 4 (.PEt 3 ) 2 ], 
cis-[PtX 2PEt 3 ) 2 ] (X=Cl,Br), [Pt(COD)C1 2.] and [NMe 4 J[PtC1 3 -
(PEt 3 )] were kindly provided by Dr. S.G.D. Henderson. 
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Table 23: Preparation of Difluorophosphine Precursors 
Compound 	 Preparation 	 Reference 
HBr Br 2 +tetrahydronaphthalene 152 
PC1 2NMe 2 PC1 3 +2NHMe 2 153 
PF2NMe 2 PC1 2NMe 2 +NaF/sulpholene 153 
PF 2Br PF 2NMe 2 -'-HBr 153 
S(SnBu 3 ) 2 SnBu.3C1+Na 2 S 154 
S(PF 2 ) 2 S(SnBu 3 ) 2 +2PF 2Br 7 
m-,t-,- -,n 
Compound Method of Preparation Reference 
[RhCp*C1 2 j 2 RhC1 3 +C 5Me 5H/MeOH 110 
[IrCp*Cl 2 ] 2 IrCl 3 -'-H.M.D.B./HCl 110 
[Rh(COD)C1] 2 RhC1 3 +COD/EtOH 155 
[Rh(CO) 2C1] 2 [Rh(C 2H4 ) 2C1] 2 +Co 156 
[Ru(bipy) 2C1 2 ] RuC1 3 +bipy/LiC1/dmf 143,157 




COD = cis-1,5-cyclo--octadiene 
bipy = 2,2'-bipyridine 
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6.5 	Experimental Details Relating to Chapter 2 
6.5.1 Preparation of Ligands F 2PO(C 2H 4 0) a PF 2 (n=2-6) 
All diethylene glycols, HO(C 2H4 O)H (n=2-6), were 
pumped on for several hours and refluxed on a vacuum line 
before use. 	Each was then stored over molecular sieve 
in vacuo until required. 	Using the given densities, lrnmol 
of the appropriate diol was measured by volume and then 
carefully inserted into the bottom of a Sovirel greaseless 
tap ampoule from a 1 ml micro-syringe. 	After half an hour 
of pumping, 2.2 rnmol of S(PF 2 ) 2 and approximately 1 ml of 
dry CH 2C1 2 were condensed into the ampoule. 	The ampoule 
was warmed to room temperature for one hour, by when reaction 
was complete. 	Effervescence of HPF 2 S was clearly visible. 
The mixture was passed through a 195K slush bath. 	No 
product left the ampoule and separation of product from by-
product and solvent was subsequently carried out by simple 
pumping. Ca 1 drop of pure colorless product was transferred 
to a 5 mm n.m.r. tube, extended with a BlO cone, under 
nitrogen (Figure 56). 2.5 cm of CDC1 3 were condensed in 
and the tube sealed. The liquid was shown to be pure using 
n.m.r. spectroscopy. 
6.5.2 Preparation of F 2POC 2H4OPF 2 
The preparation of F 2POC 2R4 OPF 2 was carried out in an 
identical manner to that used for compounds, F 2PO(C 2H4O)PF 2 
(n=2-6) but the product was found to be volatile at vacuum 
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was sufficient for purification and the product could be 
moved as a gas on line and hence condensed into n.m.r. tubes. 
6.5.3 Preparation of PhOPF 2 
Freshly distilled phenol was weighed into a greaseless 
tap ampoule and pumped on for 20 minutes. 	The ampoule 
was reweighed since phenol has a discernable vapour pressure 
at vac-line pressures. 	A slight excess of S(PF 2 ) 2 was 
condensed onto the solid and the vessel closed and allowed 
to warm to room temperature. Care is required to calculate 
that the total pressure of products does not exceed 1 atmos-
phere, since no solvent is present to dissolve the products 
of the reaction. The solid phenol is observed to liquefy 
and HPF 2S can be seen to bubble off. The contents of the 
ampoule were then fractionated through a 195K slush bath. 
The PhOPF 2 is a colourless liquid at this temperature with a 
vapour pressure of ca 3 mmHg. 	The purity of the compound 
was verified by I.R. and n.m.r. spectroscopy. 
For the purposes of electron diffraction studies, (at 
least) 5 rnmol of PhOPF 2 were prepared and purified as above. 
Details of the electron diffraction experiment are given in 
Chapter 2. 
6.6 	Experimental Details Relating to Chapter 3. 
6.6.1 Reaction of [RhCp*Cl2]2 with PhOPF 2 
0.05 mrnols of [RhCp*Cl2]2 were weighed into an n.m.r. 
tube which was connected to the vacuum line and carefully 
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pumped on for an hour. 	0.1 nunol of PhOPF 2 were condensed 
into the tube, in aliquots of ca 0.02 inmol (due to the low 
vapour pressure of PhOPF 2 ) and CDC1 3 condensed in as solvent. 
The tube was sealed and warmed to room temperature to 
ensure dissolution of the two reactants. 	Following n.m.r. 
analysis the tube was opened and the product isolated by 
diethyl ether precipitation and filtration. 	Purification 
was carried out by recrystallisation from CH 2C12 /Et 20 and 
verified by C, H and N analyses. 
6.6.2 Isolation of [RhCp*C12 {(PhO) 2PF}] 
Warming a CDC1 3 solution of [RhCp*Cl2(PhOPF2)] in the 
presence of excess PhOPF 2 gave PF 3 and [RhCp*C1 2 {(PhO) 2PF}]. 
The metal complex was isolated by diethyl ether precipitation 
of the solution, recrystallised from CH 2C1 2 /Et 20 and submitted 
for C, H and N analyses. 
6.6.3 Reaction of Ligands of the Form F 2PO(C 2H 40)PF 2 
(n=2-6) with [RhCp*Cl 2 1 2 
A typical reaction involved pipetting approximately 
0.1 rnrnol of ligand, by an extended pipette, into an n.m.r. 
tube. 	The tube was attached to the apparatus shown in 
Figure 56 . by a 310 cone, to facilitate both evacuation and 
nitrogen flow. 	The transfer of ligand from reaction ampoule 
to tube was carried out with both vessels subjected to a 
nitrogen flow. 	The ligand apparatus was then evacuated 
and frozen down on line, to keep the ligand from decomposing. 
A 1:1 molar equivalent, based on weight, of [RhCp*Cl2]2 
168 
was then weighed out and added by means of an extended 
thin glass funnel, placed through the tapless Sovirel 
socket. The apparatus was then re-attached to the line 
and CDC1 3 or CD 2C1 2 solvent condensed in. 	Any rhodium 
complex stuck to the vessel walls can be washed off by con-
dens-ing solvent onto these areas, by means of cotton wool 
soaked in liquid nitrogen and held in tweezers. 	The tube 
was then sealed with a hot flame while being pumped, then 
warmed to room temperature to ensure dissolution of the 
reactants. 	Reaction was complete in 10 minutes. 	An 
identical process was carried out using glass tubes, in place 
of n.m.r. tubes, and the resultant products were isolated 
by diethyl ether precipitation. 	For products where n=2,3 
solids were retrieved, which were recrystallised from 
CH 2C1 2 /Et 20 and submitted for C, H and N analyses. 	Products 
where n=4,5,6 were found to be oils despite trituration with 
n-pentane and were not submitted for C, H and N analyses. 
Despite the use of various solvents no crystals were obtained 
by isothermal distillation, slow evaporation or non-polar 
super-layering. 
6.6.4 Reaction of F 2POC 2H 4 OPF 2 . with (RhCp*C1 2 ] 2 
0.1 mmol of [RhCp*Cl2]2 were weighed into an n.m.r. 
tube and the tube was evacuated. 	0.1 mmol of F 2POC 2H 4OPF 2 
was condensed in along with CDC1 3 as solvent. 	The tube was 
sealed and warmed to room temperature to ensure dissolution 
of the reactants. 	Reaction was complete after 10 minutes. 
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6.6.5 Reaction of F 2PO(C 2H4O)PF 2 (n=2,3) with 
[Rh(COD)Cl] 2 
Using a method identical to that described in Section 
6.6.3, equimolar amounts of F 2PO(C 2H 4O)PF 2 (n=2,3) and 
[Rh(COD)C1] 2 were mixed, with CDC1 3 as solvent, in n.m.r. 
tubes which were then sealed and run at low temperature. 
6.6.6 Reaction of F 2PO(C 2H 40) PF2 (n=2,6) with [Rh(CO) 2C11 2 
Using a method identical to that described in Section 
6.6.3, equimolar amounts of F 2PO(C 2H4O)PF2 (n=2,6) and 
[Rh(CO) 2C1] 2 were mixed, with CDC1 3 as solvent, inn.m.r. 
tubes which were then sealed and run at low temperature. 
6.6.7 Reaction of PhOPF 2 with [Rh(COD)Cl1 2 or [Rh(CO) 2C1} 2 
0.1 mmol of metal substrate were weighed into n.m.r. tubes 
which were then evacuated. 	0.1 mmol of PhOPF 2 , followed by 
CDC1 3 as solvent, were then condensed into the tube. 	The 
tube was sealed with a hot flame and the 31 P n.m.r. spectra 
run at low temperature. 
6.6.8 X-Ray Crystal Structure of [RhCp*C1 2 (PhOPF 2 )] 
Single crystals were grown for an X-ray structure by 
super-layering diethyl ether carefully onto a methylene 
chloride solution, of the product, so as to form two 
discrete solvent layers. 	The slow diffusion of the two 
miscible solvents provides a means of changing the polarity 
- 	of the solution very slowly. 	The crystals were equant 
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blocks of ca 0.2 mm side and were mounted on an AED2 4-
circle diffractometer. 	Some relevant data are listed 
below. 
Range of Data Collection: 0max = 22.5°, sin 0/A = 0.5382 : 
Range of h, k, 9.. 0-8, 0-16, 0-17 respectively. 
No. of Data - 1003 for which F > 2o(F) 
Method of Structure Solution - Patterson Synthesis. 
No. of Parameters - 122. 
Final Agreement Factors - R = 0.0380, R = 0.0442, S = 1.460. 
Maximum Shift/e.s.d. (last cycle) 0.317. 
Final Difference Fourier - max peak 0.49eA 3 , min trough 0.37A 3 . 
Computer Programs used - SHELX76, 163 ORTEP, 164 CALC. 105 
6'.6.9 Reaction of Ligands of the Type F PO(C H 0) PF 2 	2-4—n--2 
(n=2-6) with [IrCp*C1 2 ] 2 
A typical reaction involved the pipetting of ligand 
into an n.m.r. tube, for weighing, and subsequent addition 
of [IrCp*Cl2]2 in an identical manner to that used to study 
the reaction of IRhCp*Cl2]2 with ligands F 2P0(C 2H4O)PF2 
(see Section 6.6.3). 	Products were isolated as pale yellow 
solids for n=2,3,4 and oils n=5,6, by diethyl ether pre-
cipitation, and submitted for C, H and N analyses. Despite 
the use of various solvents no crystals were obtained by 
vapour diffusion, slow evaporation or recrystallisation. 
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6.7 	Experimental Details Relating to Chapter 4 
6.7.1 Reaction of Ligands of the form F 2PO(C 2H4O)PF2 
with Platinum Substrates 
The platinum substrates used can be prepared as shown 
below in Table 25. 	Triethyl phosphine derivatives were 
used for their good solubility properties. 
Table 25: Platinum Substrates and their Preparations 
Compound 
	
Method of Preparation 
cis- [PtC12(PEt3) 2 	K2PtC1 4 +PEt 3 /H 20 
trans-[PtC1 2PEt 3 )] 2 	cis- [PtC1 2 (PEt 3 ) 2 ]+PtC1 2 /C 6 H4C1 2 
[NMe 4 ] [PtC1 3 (PEt 3 ) I [PtCl 2 (PEt 3 H 2  +NMe 4  Cl 
cis- [Pt (COD) Cl 2 ] 
	






trans- [PtBr 4 (PEt3) 2 	trans-[PtBr2(PEt3) 2  +Br 2 /C 6H 6 /253K 170 
The reactions shown in Table 26 were carried out. 
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Table 26: Reactions of Platinum Substrates with 
2 P° (C 2H4O)PF2 
Substrate 	 Ligand (n) 
trans- [PtCl 2 (PEt 3 H  2 	 2-6 
cis-[Pt(PEt 3 ) 2X 2 ] 	 2,3 
[NMe 4 ] [PtC1 3 (PEt 3 )} 	 4,5 
[Pt(COD)C1 2 ] 	 6 
PtC1 2 	 4 
trans-[PtBr 4 (PEt3 ) 2 ] 	 2,6 
All reactions were carried out in sealed n.m.r. tubes 
using CDC1 3 or (CD 3 ) 2C0 as solvent. 	In a typical experi- 
ment, ligand was weighed into the n.m.r. tube, under dry 
nitrogen, and a 1:1 molar ratio of platinum complex added 
via an extended thin glass funnel. 	(Apparatus - see 
Figure 56). 	The tubes were sealed with a hot flame, then 
warmed to ensure dissolution of the reactants. 	In the case 
of [PtC1 2 (PEt 3 )] 2 the yellow products were isolated from the 
n.m.r. tubes by diethyl ether precipitation and I.R. spectra 
of the products were run. 	The reactions of [NMe 41[PtC1 3 (PEt 3 )1 
with difluorophosphite ligands took place rapidly on warming 
the tubes. 	Reaction was indicated by the instant precipi- 
tation of a white solid, mostly probably NMe 4C1, insoluble 
in chloroform, in the yellow solution. 
C 
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6.8 	Experimental Details Relating to Chapter 5 
6.8.1 Appendix I - Reaction of Ligands of the form 
2PO(C242)n!2_with Cations Na,K,Mq 2 ,Hg 2 
d ph 2 + 
In a typical experiment, ligand (0.1 mmol) was 
transferred into an n.m.r. tube under dry nitrogen using 
the apparatus shown in Figure 56. 	A 1:1 equivalent of 
cation:ligand was weighed out and added through the tapless 
Sovirel socket via a thin glass funnel. 	The apparatus was 
then evacuated and the appropriate solvent condensed in from 
an ampoule containing molecular sieve. 	The tube was then 
sealed with a hot flame. 
Metal salts were dried by washing with diethyl ether and 
-2 pumping for several days at 10 torr and 333K. 	Subsequent 
pumping at 10 6 torr was carried out for several days and 
the compounds were stored under dry nitrogen. 	Metal acetates 
were refluxed in acetic anhydride and washed well with diethyl 
ether prior to pumping. 
6:.8.2 Appendix II - Reaction of Ruthenium Substrates with 
Difluorophosphites 
6.8.2a Preparation of [Ru(bipy) 2 (PPh 2 Me) 2 ] (C10 4 ) 2 .2C 4H 80 
50 ml of thf, freshly distilled from Na/benzophenone, 
were deareated using dry nitrogen passed through a syringe. 
(262 mg, 0.5 mmol) and AgC1O 4 (208 mg, 
1 nunol) were added and the mixture stirred for 3 hours, 
* [Ru(bipy) 2C1 2 ] was prepared as described by Sprintschnik 
157 et al. 
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giving a red solution and a white precipitate. 	The 
precipitated AgC1 was filtered off under nitrogen, on a 
Schienk line, and a 50% molar excess of PPh 2Me was intro-
duced from a syringe. 	A condenser was fitted and the 
solution stirred for a further 3 hours under nitrogen. The 
resultant orange solution was left to stand and an orange 
product precipitated from solution. 	The product was found 
to be sOluble in CH 2C1 2 , CHC1 3 , MeCN and MeNO 2 and crystals 
were grown from CH 2C1 2 /thf and submitted for an X-ray 
analysis. 
6.8.2b X-Ray Crystal Structure of [Ru(bipy) 2 (PPh 2Me) 2 ]- 
(C104 ) 2 .2C 4 H80 
Single crystals were grown for an X-ray structure by slow 
evaporation of an CE 2C1 2 /thf solution of the product. 	The 
crystal's morphology was columnar, the dimensions being 
0.20 x 0.18 x 0.80nm. 	A STADI-2 diffractometer was used. 
Some relevant data are listed below. 
Range of Data Collection: 0max250' Sifl0  max  /X=0•595 
Range of h, k, £ -14-14, 0-12, 0-26 respectively 
No. of Data - 3535 for which F>6a(F) 
Method of Structure Solution - (Ru)/STATISTICS then DIRDIF 
for other atoms 
No. of Parameters - 307 
Final Agreement Factors - R=0.0379, R=0.0480,  S=1.3104 
Maximum Shift/e.s.d. (last cycle) 0.034 
Final Difference Fourier - max peak 0.59eA 3 , mm trough 
0 
-0 .73eA 
Computer Programs used - SHELX76, 163 ORTEP, 164 CALC, 165 
DIRDIF. 171 
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6.8.2c Reaction of Ruthenium Substrates with Difluoro-
phosphites 
In a typical experiment, 0.1 mmol of ruthenium sub-
strate was weighed into a dry n.m.r. tube fitted with a 
BlO cone. The tube was carefully evacuated on a vacuum 
line, and 1 equivalent of difluorophosphite was condensed 
in with CDC1 3 as solvent, and the tube sealed with a hot 
flame. 	The tube was warmed to room temperature to ensure 
dissolution of the reactants. 
[Ru(bipy) 2 (thf) 2 ] 2 was prepared as described in 
Section 6.8.2a and filtered from the AgC1 precipitate. 
Fluorophosphite was then condensed in by attachment of the 
Schlenk tube to vacuum line giving an in situ reaction. 
After 3 hours the thf was pumped off and the residue dissolved 
in CDC1 3 and transferred to a clean n.m.r. tube. 
6.9.3 Appendix III - X-Ray Crystal Structure of 
[PtCl 2 (PEt3 )] 2 
Single crystals were isolated from a CH 2C1 2 /Et 20 solution 
of [PtCl 2 (PEt3 )] 2 /F 2PO(C 2H4 0)pF 2 . 	The crystals were plates 
of dimension 0.38 x 0.35 x 0.08 mm and were mounted on a 
STOE 4-circle diffractometer. 
below. 
Some relevant data are listed 
Range of Data Collection: 8 	=22.5°, SflO/X= 0.5384 max 	 max 
Range of h, k, £. -15-14, 9-26, 0-12 respectively 
No. of Data - 1286 for which F>6ci(F) 
Method of Structure Solution - Patterson Synthesis 
176 
No. of Parameters - 91 
Final Agreement Factors - R=0.0350, R=O.O54P,  S=O.683 
Maximum Shift/e.s.d. (last cycle) 1.267 
Final Difference Fourier - max peak 1.05eA 3 , mm trough 
0 
1 .93eA 
Computer Programs used - SHELX76, 163 ORTEP, 164 CALC.165 
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